UNCLASSIFIED 
AD  NUMBER 


AD504212 

CLASSIFICATION  CHANGES 

TO: 

UNCLASSIFIED 

FROM: 

CONFIDENTIAL 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative/Operational  Use;  SEP  1969.  Other 
requests  shall  be  referred  to  Air  Force  Rocket 
Propulsion  Lab.,  Edwards  AFB,  CA. 


_ AUTHORITY _ 

AFRPL  ltr  5  Feb  1986  ;  AFRPL  ltr  5  Feb  1986 


THIS  PAGE  IS  UNCLASSIFIED 


T h i s  REPOR;  HAS  BeEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELIASE 

INDER  DOD  DIRECTIVE  5200.20  AND 

n  >  RESTRICTIONS  ARE  IMPOSED  UPON 
its  USE  AND  DISCLOSURE. 

DISTRIBUTION  STATEMENT  A 

# 

APPPOVED  FOR  PUBLIC  RELIASE; 
DISTRIBUTION  UNLIMITED. 


SECURITY 


MARKING 


The  classified  or  limited  status  of  this  report  applies 
to  each  page,  unless  otherwise  marked. 

Separate  page  printouts  MUST  be  marked  accordingly. 


THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEANING  OF  THE  ESPIONAGE  LAWS,  TITLE  18, 
U.S.C.,  SECTIONS  793  AND  794.  THE  TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENTS  IN  ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY 
LAW. 


NOTICE:  When  government  or  other  drawings ,.  specifications  or  other 
data  are  used  for  any  purpose  other  than  In  connection  with  a  defi¬ 
nitely  related  government  procurement  operation,  the  U.S.  Government 
thereby  Incurs  no  responsibility,  nor  any  obligation  whatsoever;  and 
the  fact  that  the  Government  may  have  formulated,  furnished,  or  In  any 
way  supplied  the  said  drawings,  specifications,  or  other  data  Is  not 
to  be  regarded  by  Implication  or  otherwise  as  In  any  manner  licensing 
the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any  patented  Invention  that 
may  In  any  way  be  related  thereto. 


AD  504212 


AFRPL  -TR  -89-189 


(UNCLASSIFIED  TITLE) 

ADVANCED  MANEUVERING  PROPUU3ION 
TECHNOLOGY  PROGRAM 
(SEVENTH  QUARTERLY  PROGRESS  REPORT) 


Rocketdyne 

A  Division  of  North  American  Rockwell  Corporation 
6633  Canoga  Avenue 
Canoga  Park,  California 


Technical  Report  AFRPL-TR-69-189 
September  1969 


Group  4 

Downgraded  at  3-Year  Intervals 
Declassified  After  12  Years 


THIS  MATERIAL  CONTAINS  INFORMATION  AFFECTING  THE  NATIONAL 
DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING  OF  THE 
ESPIONAGE  LAWS.  TITLE  II  U.S.C..  SECTIONS  7*3  AND  794,  THE 
TRANSMISSION  OR  REVELATION  OF  WHICH  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  PERSON  IS  PNOHIGITEO  BY  LAW. 


In  addition  to  security  requirements  which  must  be  met,  this  document 
is  subject  to  special  export  controls  and  each  transmittal  to  foreign 
governments  or  foreign  nationals  may  be  made  only  with  prior  approval 
of  AFRPL  (RPPR/STINFO),  Edwards,  California,  93523. 


Air  Force  Rocket  Propulsion  Laboratory 
Air  Force  Systems  Command 
United  States  Air  Force 
Edwards  Air  Force  Base,  California 


I; 


sznsm 


Qualified  users  may  obtain  copies  of  this  report 
from  the  Defense  Documentation  Center. 

Reproduction  Notice.  This  report  may  be  reproduced 
to  satisfy  needs  of  U.S.  Government  agencies.  No 
other  reproduction  is  authorized  except  with  per¬ 
mission  of  AFRPL. 

When  U.S.  Government  drawings,  specifications,  or 
other  data  are  used  for  any  purpose  other  than  a 
definitely  related  Government  procurement  operation, 
the  Government  thereby  incurs  no  responsibility  nor 
any  obligation  whatsoever,  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any 
way  supplied  the  said  drawings,  specifications,  or 
other  data  is  not  to  be  regarded  by  implication  or 
otherwise,  as  in  any  manner  licensing  the  holder  or 
any  other  person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufacture,  use,  or  sell 
any  patented  invention  that  may  in  any  way  be 
related  thereto. 


% 


W  . . 


AFRPL-TR-69-189 

(UNCLASSIFIED  TITLE) 

ADVANCED  MANEUVERING  PROPULSION 
TECHNOLOGY  PROGRAM 
(SEVENTH  QUARTERLY  PROGRESS  REPORT) 


ROCKETDYNE 

A  Division  of  North  American  Rockwell  Corporation 
6633  Canoga  Avenue 
Canoga  Park,  California 


Technical  Report  AFRPL-TR-69-189 


September  1969 


Group  4 

Downgraded  at  3-Year  Intervals 
Declassified  After  12  Years 


THIS  MATERIAL  CONTAINS  INFORMATION  AFFECTING  THE  NATIONAL 
DEFENSE  OF  THE  UNITEO  STATES  WITHIN  THE  MEANING  OF  THE 
ESPIONAGE  LAWS.  TITLE  11  U  S  C.,  SECTIONS  793  AND  794.  THE 
TRANSMISSION  OR  REVELATION  OF  WHICH  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  PERSON  IS  PROHISITED  BY  LAW. 


In  addition  to  security  requirements  which  must  be  met,  this  document 
is  subject  to  special  export  controls  and  each  transmittal  to  foreign 
governments  or  foreign  nationals  may  be  made  only  with  prior  approval 
of  AFRPL  (RPPR/STINFO) ,  Edwards,  California,  93523. 


Air  Force  Rocket  Propulsion  Laboratory 
Air  Force  Systems  Command 
United  States  Air  Force 
Edwards  Air  Force  Base,  California 


J) 


9 


FORI:  WORD 


(U) 


(U)  This  seventh  quarterly  report  describes  the 
progress  made  in  the  Advanced  Maneuvering 
Propulsion  Technology  (AMPT)  Program  during 
the  period  of  1  May  1969  to  31  July  1969  and 
is  submitted  in  accordance  with  the  require¬ 
ments  of  Contract  FO4611-67-C-0116,  Part  I, 
Item  1AB,  Sequence  No.  B008  of  Exhibit  B. 

(U)  This  publication  was  prepared  by  Rocketdyne, 
a  division  of  North  American  Rockwell  Corp¬ 
oration,  as  report  R-7380-7,  under  the  direc¬ 
tion  of  R.  R.  Morin,  Program  Manager. 


(U)  Publication  of  this  report  does  not  constitute 
Air  Force  approval  of  the  report's  findings  or 
conclusions.  It  is  published  only  for  the 
exchange  and  stimulation  of  ideas. 


Robert  L.  Wi swell 
AFRPL  Program  Manager 
RPRES 
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ABSTRACT 


(U)  The  engine  design  and  analysis  task  was  continued  with  a 
detailed  parametric  analysis  of  thrust  chamber  temperature 
and  pressure  drop  characteristics,  the  revision  of  the 
engine  balance,  and  continued  main  oxidizer  and  turbine 
control  valve  design  activity. 

(U)  The  engine  critical  component  task  effort  was  primarily 
directed  toward  the  completion  of  fabrication  of  the 
prototype  channel -wall  thrust  chamber  segment.  Design 
of  the  main  thrust  chamber  nozzle  has  been  completed 
and  design  of  the  base  closure  and  secondary  engine 
nozzle  simulator  is  nearing  completion. 

(U)  Though  testing  of  the  main  engine  bearings  and  seals  was 
initiated  during  the  previous  quarter,  the  effort  was 
stopped  temporarily  because  of  operational  problems  and 
has  been  rescheduled  to  start  September  1969. 

(U)  The  basic  analysis  and  design  of  the  propellant  feed 
system  was  completed  during  the  previous  quarter  by 
both  General  Dynamics/Convair  and  Lockheed  Missiles 
and  Space  Company. 
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(U) 


INTRODUCTION 


(C)  The  Advanced  Maneuvering  Propulsion  System  (AMPS)  is  a  high-energy  system 
utilizing  propellants.  A  typical  system  is  illustrated  in  Pig.  1 

with  some  of  the  basic  design  parameters  for  the  Advanced  Development  Pro 
gram  (ADP)  together  with  some  of  the  design  variations  which  are  being 
considered  separately. 

(C)  The  engine  configuration  (Fig.  2)  utilizes  concentric  thrust  chambers. 

The  outer  main  thrust  chamber  (30,000  pounds  of  thrust)  incorporates  the 
toroidal -aerodynamic  spike  design  concept.  The  inner  secondary  thrust 
chamber  (3300  pounds  of  thrust)  is  a  bell-type  design.  The  thrust  cham¬ 
bers  r  re  fed  from  independent  turbopumps  which  are  driven  by  hot  gases 
from  each  thrust  chamber.  Each  thrust  chamber  can  be  throttled  over  a 
9:1  thrust  range,  which  gives  the  engine  system  an  overall  throttle  ratio 
of  81:1.  The  normal  mode  of  operation  is  for  the  thrust  chambers  to  fire 
one  at  a  time. 

(C)  The  propellant  feed  system  consists  of  the  main  propellant  tankage;  ther¬ 
mal  conditioning  and  support  structure;  zero  gravity  expulsion  system, 
fiU,  vent,  feed,  and  drain  lines;  propellant  management  system;  and  a 
pressurization  system.  The  18,000-pound  weight  for  the  complete  propul¬ 
sion  system,  together  with  a  2000-pound  payload  (20,000  pounds  total)  is 
compatible  with  the  present  Titan  HID  launch  vehicle  for  polar  orbit 
launches  from  the  Western  Test  Range.  A  gimbal  angle  of  ±10  degrees  was 
selected  to  provide  the  capability  for  rapid  turning  maneuvers.  System 
thermal  design  provides  the  capability  of  at  least  14  days  in  orbit  with 
no  fluorine  loss  and  with  very  little  hydrogen  loss,  depending  on  the 
mission  duty  cycle. 

(C)  The  Advanced  Maneuvering  Propulsion  Technology  (AMPT)  Advanced  Develop¬ 
ment  Program  consists  of  two  phases.  Phase  I,  the  current  program  effort 
for  a  31-month  period,  includes  the  following  three  tasks. 


Figure  1.  System  Characteristics  (u) 


Figure  2.  Engine  System  for  Advanced  Maneuvering  Propulsion  System  (U) 


.. 


(C)  Task  I:  Engine  Analysis  and  Design 

Task  II:  Engine  Critical  Component  Demonstration  Testing 
Task  III:  Propellant  Feed  System  Analysis  and  Design 

(U)  Effort  on  Tasks  I  and  II  was  initiated  1  November  1967.  Task  III,  being 
performed  by  two  vehicle  company  subcontractors  (General  Dynamics/Convai 
and  Lockheed  Missiles  and  Space  Company),  was  initiated  1  December  1967. 


(U) 


SIM1ARY 


(C)  This  report  presents  a  description  of  the  work  accomplished  and  the  tech¬ 
nical  results  obtained  on  the  AMPT  Program  during  the  seventh  quarterly 
period,  1  May  1969  through  31  July  1969.  The  major  milestones  for  the 
Phase  I  program  are  shown  in  Fig.  3,  and  the  basic  program  schedule  is 
shown  in  Fig.  4. 

(C)  Task  II  milestones  accomplished  in  the  period  were  completions  of  the  final 
design  review  of  the  prototype  thrust  chamber  segment  and  the  interim  re¬ 
lease  of  the  main  thrust  chamber  design.  The  Task  III  milestone  of  interim 
completion  of  the  propellant  feed  system  design  and  analysis  was  accomplished 
at  the  end  of  the  last  quarterly  period. 

(U)  Significant  accomplishments  in  each  of  the  three  major  tasks  are  summar¬ 
ized  below. 

(U)  1.  TASK  I--ENGINE  ANALYSIS  AND  DESIGN 

(U)  Work  accomplished  in  Task  I  includes  analysis  and  design  effort  for  the 
engine  system,  thrust  chamber,  turbopumps,  and  engine  controls.  During 
this  report  period,  a  main  engine  system  power  balance  and  performance 
analysis  was  conducted  to  include  various  refinements  and  modifications 
which  have  been  incorporated  into  the  component  designs.  The  analysis 
was  performed  for  the  limits  of  the  thrust  and  mixture  ratio  operating 
range . 

(U)  In  support  of  the  main  engine  balance  effort  and  future  design  effort,  a 
detailed  parametric  analysis  of  the  system  temperature  and  pressure  dis¬ 
tribution  characteristics  was  performed  over  the  thrust  and  mixture  ratio 
range  for  the  current  hardware  configuration.  All  of  the  significant 
components  in  the  thrust  chamber  assembly  were  included  and  appropriate 
graphs  are  presented  for  each . 
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Figure  3.  AMPT  Program  Milestones  (U) 


(U)  The  engine  packaging  effort  was  continued  in  parallel  with  the  controls 
design  effort  so  that  available  engine  space  versus  controls  component 
size  could  be  considered  in  the  final  component  designs.  A  preliminary 
packaging  arrangement  has  been  prepared  based  on  current  estimates  of 
valve  sizes. 

(C)  In  support  of  the  turbine  control  valve  design  effort  currently  in  prog¬ 
ress,  a  review  of  the  criticality  of  internal  leakage  with  respect  to 
main  and  secondary  engine  operation  was  performed,  and  it  was  determined 
that  in  lieu  of  the  previous  requirement  of  500  scim  maximum,  a  maximum 
leakage  of  5000  scim  could  be  tolerated  without  influencing  engine 
operation. 

(U)  During  the  report  period,  formal  layout  of  the  main  engine  oxidizer  valve 
was  initiated,  thief  preliminary  design  of  the  main  engine  fuel  turbine  con¬ 
trol  valve  was  completed,  and  the  secondary  engine  control  system  analysis 
also  was  completed. 

(U)  2.  TASK  II— CRITICAL  ENGINE  COMPONENT  DEMONSTRATION  TESTING 

(C)  The  critical  engine  components  include  segments  of  the  main  thrust  chamber, 
complete  main  thrust  chamber,  and  main  and  secondary  engine  LF2  pump  bear¬ 
ings  and  seals.  The  main  engine  thrust  chamber  development  approach  is 
shown  in  Fig.  5.  The  design  philosophy  of  the  approach  is  presented  in 
Ref.  6  . 

(C)  During  this  report  period,  the  primary  effort  in  the  area  of  main  thrust 
chamber  development  was  directed  toward  the  fabrication  of  the  30-degree 
prototype  channel-wall  thrust  chamber  segment  and  injector.  The  fabrica¬ 
tion  of  the  contoured  walls  of  the  segment  and  the  end  plates  has  been 
completed  and  will  be  brazed  together  early  in  the  next  report  period. 

The  fabrication  of  the  injector  also  has  been  completed.  In  addition, 
the  preliminary  manufacturing  effort  for  the  fabrication  of  the  segments 
required  for  the  360-degree  thrust  chamber  and  fabrication  of  the  nozzle 
assembly  has  been  initiated. 
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FULL  SEGMENTED  THRUST  CHAMBER 


(C)  A  heat  transfer  analysis  was  performed  to  assess  the  reduction  in  heat 
load  to  the  segment  walls  as  a  result  of  biasing  the  injected  oxidizer 
to  the  outer  periphery  of  the  injector  and  also  in  support  of  the  segment 
baffle  (end  plate)  and  nozzle  extension  design  efforts.  It  was  deter¬ 
mined  that  the  lowered  coolant  bulk  temperature  rise  and  local  heat  flux 
resulting  from  oxidizer  biasing  caused  a  reduction  of  approximately  150  F 
in  the  maximum  gas -side  wall  temperature.  The  baffle  and  nozzle  heat 
transfer  analysis  was  completed. 

(C)  The  segment  stability  test  program  was  initiated  during  this  report  period. 
Utilizing  the  30-degree  water-cooled  calorimeter  thrust  chamber  segment 
and  the  30-degree  injector  (U/N  3),  one  test  was  conducted  for  a  duration 
of  3  seconds  of  an  intended  5-second  test.  The  test  was  terminated  by  a 
fire  in  the  area  of  the  facility  oxidizer  feed  line.  The  fire  appears 
to  have  originated  in  the  facility  oxidizer  main  valve.  The  investigation 
of  the  cause  is  still  in  process.  A  1-  to  2-week  delay  in  the  stability 
program  is  anticipated. 

(C)  During  the  second  main  oxidizer  bearing  and  seal  test  performed  during 
this  quarter  (and  the  fourth  in  the  test  series),  a  fire  started  at  the 
intermediate  seal  and  burned  through  the  housing.  The  fire  occurred 
after  approximately  8.5  minutes  of  continuous  operation  and  a  total  of 
approximately  10.5  minutes  of  accumulated  operating  time.  The  data  indicate 
the  most  probable  cause  of  failure  was  ignition  of  the  Bearium  B-10  inter¬ 
mediate  seal  segments  because  of  excessive  shaft  deflection  resulting  in  in¬ 
creased  friction  between  the  seal  segments  and  the  shaft  mating  ring.  Design 
modifications  to  the  seal  have  been  incorporated  and  the  reinitiation  of  the 
oxidizer  bearing  and  seal  test  program  has  been  scheduled  for  1  September  1969. 

(U)  3.  TASK  III--PROPELLANT  FEED  SYSTEM  ANALYSIS  AND  DESIGN 

(U)  This  task  provides  for  analysis  and  design  of  an  advanced  propellant  feed 
system  to  be  integrated  with  the  advanced  engine  design  resulting  from 
Tasks  I  and  II.  The  task  is  being  conducted  by  two  selected  vehicle  sub¬ 
contractors;  General  Dynamics/Convair  and  Lockheed  Missiles  and  Space 
Company.  The  Task  III  schedule  is  shown  in  Fig.  6  . 


(U)  The  propellant  feed  system  basic  analysis’’'' and  design  effort  was  completed 
by  both  subcontractors  at  the  end  of  the  previous  quarterly  period  and  the 
continued  Task  III  effort  was  initiated  late  in  this  quarter  (Fig.  6). 

The  continued  effort  will  include  evaluation  of  technological  advance¬ 
ments  as  related  to  AMPS,  more  detailed  definition  of  the  Phase  II  test 

» 

configuration,  design  analysis  for  instant  launch  readiness,  and  a  system 
malfunction  and  reliability  analysis.  Because  this  effort  was  started 
late  in  the  quarterly  period,  no  results  are  presented  in  this  report  but 
will  be  reported  at  the  end  of  the  next  quarterly  period. 


*  AFRPL  REVIEW  &  APPROVAL 
Figure  6.  Task  TIT  Schedule  (u) 


(U)  TASK  I --ENGINE  SYSTEM  DESIGN  AND  ANALYSIS 

(U)  Task  I  of  the  AMPT  Program  provides  for  design  and  analysis  of  the  com¬ 
plete  AMPS  engine  system.  The  subtasks  in  Task  I  include  design  and 
analysis  efforts  for  the  engine  system,  thrust  chambers,  turbopumps,  and 
controls.  The  results  obtained  from  the  critical  component  testing 
(Task  II)  are  to  be  used  in  applicable  areas  for  the  final  engine  system 
design. 

(U)  The  Task  I  effort  accomplished  during  this  quarter  included: 

1.  Update  of  main  engine  balance 

2.  Parametric  analysis  of  complete  thrust  chamber  temperature  and 
pressure  distribution  characteristics 

3.  Continued  effort  on  packaging  of  main  and  secondary  engines 

4.  Turbine  control  valve  leakage  criticality 

5.  Continued  effort  on  design  of  main  engine  oxidizer  valve 

6.  Preliminary  layout  of  main  engine  fuel  turbine  control 
valve 

7.  Completion  of  secondary  engine  analog  model  effort 

(U)  1.  MAIN  ENGINE  SYSTEM  BALANCE 

(C)  A  main  engine  system  power  balance  and  performance  analysis  was  conducted 
to  determine  the  effects  of  component  modifications  and  experimental 
results  that  have  occurred  since  the  last  engine  system  performance  analy 

♦ 

sis  was  conducted  for  the  turbine  drive  cycle  selection  studies.  The 
recent  system  performance  analysis  was  conducted  for  maximum  and  minimum 
thrust  and  for  engine  mixture  ratios  of  9:1  to  13:1.  The  system  changes 
that  were  incorporated  into  the  revised  performance  estimates  are  an 
accumulation  of  design  modifications  and  refinements  in  the  predicted 
operating  characteristics  of  various  components  that  have  occurred  in  the 
past  year. 
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(C)  Some  of  the  main  engine  component  and  system  revisions  have  been  discussed 
in  detail  in  previous  quarterly  reports.  However,  the  engine  system  power 
balance  and  performance  estimates  had  not  been  updated  to  include  these 
influences.  A  list  of  the  accumulated  changes  that  were  included  in  this 
analysis  is  as  follows: 

1.  Refinements  in  fuel  and  oxidizer  turbine  and  pump  efficiency 
estimates 

2.  Decrease  in  oxidizer  turbine  pressure  ratio  by  the  use  of  iden¬ 
tical  fuel  and  oxidizer  turbines 

3.  Removal  of  cavitating  venturis  from  propellant  high-pressure 
feed  system 

4.  Slight  increase  in  theoretical  values  of  c*  and  specific  impulse 

from  a  revision  in  the  heat  of  formation  of  HF 

5.  The  change  to  a  single-pass  channel-wall  chamber  cooling  cir¬ 

cuit,  resulting  in  a  change  to  the  coolant  circuit  pressure 
loss  and  bulk  temperature  rise,  with  a  subsequent  effect  on 
fuel  injector  inlet  and  turbine  drive  gas  inlet  conditions  and 
pump  discharge  pressure  requirements. 

(C)  These  changes  or  refinements  in  engine  component  design  or  operating 
characteristics  were  input  to  the  computerized  turbopump  power  balance 
and  engine  system  performance  analysis.  The  thrust  chamber  pressure  los¬ 
ses,  fuel  injection  temperature,  and  turbine  inlet  temperature  values 
were  obtained  from  the  data  presented  in  the  subsequent  section.  The 
results  of  the  main  engine  system  performance  analysis  are  shown  in 
Table  1  for  full  thrust  and  minimum  thrust  operation  over  the  intended 
range  of  mixture  ratio.  Some  of  the  major  operating  conditions  of  the 
components  also  are  presented. 


(in  MAIN  ENGINE  SYSTEM  OPERATING  PARAMETERS  AND  PERFORMANCE  ESTIMATES 


(U)  2.  MAIN  THRUST  CHAMBER  PRESSURE  DROP  AND 

COOLANT  TEMPERATURE  DISTRIBUTION 


(C)  A  parametric  analysis  was  conducted  to  determine  predicted  hydrogen  pres¬ 
sure  drop  and  temperature  rise  data  for  the  various  components  of  the  cur¬ 
rent  main  thrust  chamber  configuration  over  the  intended  operating  condi¬ 
tions.  This  analysis  was  based  on  the  Task  II  experimental  results  from 
the  chamber  segment  tests  and  the  oxidizer  mixture  ratio  bias  injector  and 
the  other  revisions  or  improvements  in  the  design  detail  being  incorporated 
into  the  prototype  thrust  chamber  segment.  The  analysis  was  conducted  for 
each  of  the  thrust  chamber  subcomponents  on  a  parametric  basis  to  make  the 
resulting  data  independent  of  any  possible  variations  in  future  design  or 
experimental  results  in  other  subcomponents  in  the  thrust  chamber  assembly. 
In  general,  the  method  of  analysis  consisted  of  a  detailed  heat  transfer 
analysis  based  on  specific  test  points.  The  hydrodynamic  analysis  per¬ 
formed  for  interconnecting  ducts  and  other  subcomponents  where  no  heat 
addition  takes  place  was  based  on  the  design  details  for  the  30-degree 
prototype  segment  assembly.  The  results  of  these  detailed  point  design 
analyses  were  then  extended  on  a  parametric  basis  to  cover  the  intended 
operating  range  with  the  use  of  scaling  equations  developed  from  the 
theoretical  analysis. 

(U)  a.  Chamber  End  Plate  (Baffle) 

(C)  Heat  transfer  and  fluid  flow  calculations  were  made  for  the  baffle  with 
the  aid  of  a  digital  computer  program  where  the  cooling  circuit  is 
divided  into  increments.  For  each  increment,  an  iteration  procedure  is 
followed  to  determine  the  heat  flux  from  the  combustion  gas  to  the  cool¬ 
ant,  the  resulting  temperature  profile,  and  the  coolant  change  of  state 
until  they  are  compatible  with  the  resulting  friction  and  momentum  pres¬ 
sure  drop  over  the  increment.  This  analysis  was  conducted  for  three 
operating  chamber  pressures  (613,  222,  and  74  psia)  based  on  data 


(C)  obtained  in  solid-wall  segment  tests  014,  010,  and  017.  The  heat  flux 

data  obtained  from  these  tests  were  used  to  predict  the  heat  flux  profile, 
gas-side  wall  temperatures,  coolant  bulk  temperature  rise,  and  coolant 
pressure  drop  for  the  prototype  chamber  baffles  operating  at  an  engine 
mixture  ratio  of  12:1  and  a  coolant  inlet  temperature  of  65  R.  The  results 
of  the  details  i  i  ilysis  for  these  three  engine  operating  points  (P  =  613, 
222,  and  74)  were  then  used  as  the  basis  for  an  analytical  scaling  analysis 
to  provide  the  same  type  of  information  over  the  entire  engine  system  oper¬ 
ating  range.  The  scaling  techniques  were  developed  from  the  theoretical 
equations  used  in  the  analysis  of  the  three  basic  operating  points.  These 
scaling  methods  were  computerized  to  facilitate  the  rapid  analysis  of  a 
wide  range  of  parametric  data.  The  computerized  scaling  methods  also  will 
make  it  very  simple  to  evaluate  the  effects  of  newly  acquired  test  data  or 
design  modifications.  The  results  of  the  parametric  analysis  are  shown  in 
Fig.  7  through  9  .  The  baffle  coolant  discharge  temperature  is  shown  in 
Fig.  7  versus  chamber  pressure  for  engine  mixture  ratios  from  9:1  to  13:1. 
The  bulk  temperature  rise  of  the  coolant  in  the  baffle  is  relatively  insen¬ 
sitive  to  inlet  pressure,  and  the  curves  shown  in  Fig.  7  are  considered 
valid  over  a  fairly  wide  range  of  coolant  inlet  pressures.  The  baffle 
coolant  inlet  versus  exit  pressure  relationship  is  shown  in  Fig.  8  for 
each  of  the  three  selected  operating  chamber  pressures  and  over  tbe  range 
of  engine  mixture  ratios.  The  differences  between  the  inlet  and  corres¬ 
ponding  exit  pressures  are  presented  in  Fig.  9  in  the  form  of  baffle 
pressure  drop  versus  exit  pressure.  This  latter  curve  presents  the 
required  information  in  a  convenient  form  for  the  step-wise  procedure  of 
establishing  the  total  system  pressure  drop,  starting  with  the  desired 
operating  chamber  pressure  and  backing  through  each  component. 

(U)  b.  Chamber  Segment- -Outer  and  Inner  Body 

(C)  The  thrust  chamber  segment  outer  and  inner  body  heat  transfer  and  fluid 
dynamics  calculations  also  were  based  on  test  data  obtained  in  solid-wall 
segment  tests  014,  016,  and  017.  The  detailed  analysis  performed  for  the 
three  operating  chamber  pressures  (613,  222,  and  74  psia)  assumed  the  most 
recent  chamber  design  configuration  with  the  oxidizer  bias  injector 
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(C)  modification.  The  coolant  enters  the  outer  body  and  makes  a  single  down- 
pass  through  the  coolant  channels,  The  coolant  then  crosses  through  the 
lower  portion  of  the  baffle  to  the  inner  body,  which  is  cooled  by  a  single 
up-pass,  -and  the  coolant  is  then  transferred  to  the  nozzle.  The  results 
of  the  detailed  studies  for  the  three  operating  chamber  pressures  were 
used  to  generate  parametric  data  describing  coolant  temperature  rise  and 
exit  pressure  for  a  range  of  inlet  temperature  and  pressure  conditions  for 
both  the  outer  and  inner  bodies.  The  coolant  discharge  temperature  versus 
operating  chamber  pressure  is  shown  in  Fig.  10  for  mixture  ratios  of  9:1 
to  13:1.  The  outer  body  coolant  inlet  temperatures  were  obtained  from 
the  baffle  coolant  discharge  temperature  (Fig.  7  )  and  the  outer  body  dis¬ 
charge  temperature  becomes  the  inner  body  inlet  temperature  for  the  cor¬ 
responding  chamber  pressure  and  mixture  ratio  values. 

(C)  Chamber  inner  and  outer  body  exit  versus  inlet  pressure  is  shown  in  Fig.  11 
for  operating  chamber  pressures  of  613,  222,  and  74  psia  and  engine  mixture 
ratios  from  9:1  to  13:1.  Inlet  temperature  for  each  engine  mixture  ratio 
is  obtained  from  Fig.  7  and  10  for  the  outer  and  inner  bodies,  respec¬ 
tively.  The  pressure  drop  versus  exit  pressure  is  shown  in  Fig.  12  and 
13  for  the  outer  and  inner  bodies,  respectively.  Note  that  in  the  cur¬ 
rent  cooling  circuit,  the  outer  body  exit  pressure  is  not  equal  to  the 
inner  body  inlet  pressure;  an  additional  pressure  drop  occurs  in  the  cross¬ 
over  duct  within  the  lower  portion  of  the  baffle.  Estimates  of  this  cross¬ 
over  duct  pressure  loss  are  presented  in  the  next  section.  The  pressure 
losses  shown  for  the  outer  body  include  all  losses  from  the  baffle  exit  to 
the  entrance  of  the  crossover  duct.  The  pressure  drop  values  shown  for 
the  inner  body  include  all  losses  from  the  crossover  duct  exit  to  the 
exit  of  the  inner  body  coolant  channels.  Heat  addition  was  assumed  to 
occur  only  in  the  coolant  channels. 

(U)  c.  Outer-to- Inner  Body  Crossover  Duct 

(U)  The  pressure  losses  that  occur  in  the  crossover  duct  between  the  outer 
body  and  inner  body  were  estimated,  based  on  the  design  configuration, 
for  a  range  of  engine  fuel  flowrates  and  for  inlet  conditions  dictated 
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(U)  by  the  outer  body  discharge  flow  conditions  for  the  indicated  values  of 
operating  chamber  pressure  and  mixture  ratio.  These  results  are  shown 
in  Fig.  M  . 

(U)  d.  Transfer  From  Inner  Body  Channels  to  Nozzle  Tubes 

(U)  In  the  actual  engine  system  design,  the  coolant  will  be  transferred  from 
the  inner  body  channels  to  the  nozzle  tube  bundle  through  a  series  of  col¬ 
lection  and  distribution  manifolds  and  transfer  ducts.  The  total  pressure 
loss  incurred  in  this  portion  of  the  cooling  circuit  has  been  estimated 
versus  engine  system  fuel  flowrate  for  the  transfer  system  inlet  condi¬ 
tions  (inner  body  discharge)  dictated  by  the  indicated  operating  chamber 
pressure  and  mixture  ratio  values.  The  results  are  shown  in  Fig.  15  . 

(U)  e.  Nozzle  Extension  Tube  Bundle 

(C)  Heat  transfer  and  fluid  flow  calculations  were  conducted  for  the  nozzle 
extension  at  specific  operating  points  with  the  aid  of  a  digital  computer 
program.  The  cooling  circuit  is  divided  into  increments,  and  heat  flux, 
wall  temperature,  and  coolant  conditions  are  evaluated  for  each  increment. 
The  general  method  balances  heat  flux  with  the  friction  and  momentum 
pressure  drop  over  each  increment.  The  nozzle  cooling  circuit  considered 
in  this  analysis  has  the  coolant  entering  the  tube  assembly  in  the  upstream 
direction,  at  a  location  6  inches  (measured  axially)  from  the  leading  edge 
of  the  nozzle  extension  and  following  the  two-pass  circuit  illustrated  in 
Fig.  16.  The  detailed  analysis  was  conducted  for  preliminary  estimates 
of  nozzle  tube  bundle  inlet  conditions  for  operating  chamber  pressures 
of  650,  22,  and  94  psia.  These  results  were  then  scaled  to  cover  a  range 
of  inlet  pressures  and  for  inlet  temperatures  predicted  for  the  range  of 
engine  mixture  ratios.  Nozzle  coolant  inlet  temperatures  were  obtained 
from  the  inner  body  exit  temperatures  (Fig.  10  ).  The  resulting  nozzle 
coolant  exit  temperatures  are  shown  in  Fig.  17  as  a  function  of  operating 
chamber  pressure  and  mixture  ratio.  Coolant  inlet  versus  exit  pressures 
and  pressure  drop  versus  exit  pressures  are  shown  in  Fig.  18  and  19, 
respectively. 
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.giire  16.  Two-Pass  Nozzle  Extension  With  Manifold 
Located  6  Inches  (Axially)  Downstream  of 


Rear  of  Thrust  Chamber  Inner  Body  (U) 


Figure  17.  Chamber  and  Nozzle  Coolant  Discharge  Temperature  (U) 


Figure  18.  Nozzle  Tube  Inlet  vs  Exit  Pressure  t U .) 


(U) 


f.  Nozzle  Exit  Manifold  and  Return 


(C)  All  of  the  heat  addition  that  occurs  in  the  nozzle  is  assumed  to  occur  in 
the  tube  bundle;  inlet  and  exit  manifolds  and  ducting  are  considered  to 
undergo  a  constant  temperature  flow  process.  However,  the  pressure  loss 
estimates  attributed  to  the  nozzle  exit  manifold  and  the  exit  manifold- 
to-injector  return  ducting  were  separated  in  the  parametric  analysis 
because  the  turbine  flow  requirements  are  to  be  extracted  from  the  nozzle 
exit  manifold  and  a  lower  fuel  flowrate  will  occur  in  the  return  ducting. 
The  pressure  drop  versus  flowrate  relationship  for  these  two  thrust  cham¬ 
ber  components  is  shown  in  Fig.  20  and  21  for  coolant  temperature  condi¬ 
tions  corresponding  to  the  indicated  chamber  pressure  and  mixture  ratio 
values.  The  nozzle  exit  manifold  is  located  adjacent  to  the  inlet  mani¬ 
fold  and  12  return  ducts  carry  the  fuel  up  to  each  of  the  injector  segments. 

(U)  g.  Injector 

(U)  The  fuel-side  injector  pressure  drop  predictions  were  based  on  the  exper¬ 
imental  test  results  obtained  with  the  brazed  face,  U/N  1  injector  segment. 
The  experimental  results  were  adjusted  to  account  for  the  predicted  fuel 
inlet  temperatures  that  were  determined  from  the  parametric  heat  transfer 
and  fluid  flow  analysis  of  the  preceding  thrust  chamber  components.  The 
predicted  fuel-side  injector  pressure  drop  values  are  shown  in  Fig.  22. 

(U)  h.  Summary 

(C)  The  determination  of  the  engine  system  fuel-side  pressure  drop  is  actually 
an  iterative  procedure  in  that  turbine  power  and  flow  requirements  are 
dependent  on  the  fuel  pump  discharge  pressure  requirements  and  available 
turbine  drive  gas  inlet  temperature,  while  coolant  temperature  rise  and 
pressure  losses  are  dependent  on  the  total  fuel  flow  (turbine  and  injector) 
through  the  chamber.  Preliminary  estimates  of  coolant  pressure  losses  are 
made  based  on  estimated  propellant  flows.  These  values  are  used  in  con¬ 
junction  with  the  estimated  coolant  temperature  rise  to  perform  an  engine 


33 


Figure  20.  Nozzle  Exit  Manifold  Pressure  Drop  vs  Engine  Fuel  Flow  IUJ 


Figure  21.  Pressure  Drop  for  Coolant  Return  From  Nozzle  Exit  Manifold 
to  Injector  vs  Injector  Flowrate  (U) 


MFMEMil! 


IQlFlDlNTIiLl 


(C)  system  power  balance.  This,  then,  provides  refined  propellant  flowrates 
and  permits  refined  estimates  of  the  fuel-side  pressure  losses  from  the 
previously  discussed  curves  for  the  thrust  chamber  components.  Total 
system  pressure  losses  are  estimated  by  starting  with  the  desired  oper¬ 
ating  chamber  pressure,  then  estimating  injector  and  engine  system  pro¬ 
pellant  flowrates.  The  injector  pressure  drop  is  established  first,  and 
pressure  losses  are  then  determined  for  each  component,  working  back  to 
the  pump  discharge.  The  parametric  data  discussed  in  this  report  were 
used  to  establish  the  current  estimates  of  coolant  p’/essure  drop  and 
temperatures  through  the  main  engine  thrust  chamber  assembly.  The  results 
are  presented  in  Tables  2  and  3  for  full  thrust  and  minimum  thrust  and 
mixture  ratios  of  9: 1  to  .13: 1 .  A  summary  of  the  pressure  and  temperature 
schedule  through  the  thrust  chamber  for  the  nominal  engine  mixture  ratio 
of  12:1  is  shown  in  schematic  form  in  Fig.  2  3. 

(U)  i.  Engine  Packaging 

i.O  Preliminary  design  configurations  of  the  main  propellant  valves  and  the 
throttle  control  valves  have  been  incorporated  into  the  engine  package. 

The  main  propellant  valves  are  mounted  vertically  within  the  first  and 
fourth  quadrants  of  an  engine  package  plan  view,  as  shown  in  Fig.  24. 

The  ducting  leading  to  the  turbopump  inlets  from  the  valves  has  been 
designed  to  function  as  a  heat  barrier  in  addition  to  directing  the  fluid 
flow.  To  enhance  the  ability  of  the  ducts  to  resist  heat  flow,  a  suitable 
duct  length  was  desired.  In  achieving  this  desired  length,  a  design  study 
was  conducted,  the  results  of  which  indicated  that  a  relocation  of  the 
turbopumps  would  be  advantageous.  The  turbopumps  were  repositioned  by 
exchanging  their  former  locations.  Therefore,  maintaining  the  existing 
propellant  inlet  interfaces  from  the  vehicle  greatly  increased  the  over¬ 
all  duct  lengths. 


(C)  The  valves  will  be  mounted  by  low  thermal  conductive  support  structure 
minimizing  the  heat  load  into  the  valve.  Detail  layouts  of  the  mounting 
structures  and  supports  will  be  made  as  additional  information  (with 
respect  to  adjacent  components  and  lines)  is  generated.  Probable  candi¬ 
date  materials  to  accomplish  both  functions  is  a  composite  structure  of 
Rene*  41  and  glass-reinforced  epoxy  resin. 

(U)  3.  TURBINE  CONTROL  VALVE  LEAKAGE  CRITICALITY 

(C)  The  turbine  control  valve  design  specifications  were  established  early 
in  the  Task  I  studies  based  on  what  was  known  at  that  time  about  engine 
system  and  component  operating  requirements.  At  that  time,  the  maximum 
allowable  leakage  rate  for  the  turbine  control  valve  was  specified  as 
500  standard  cubic  inches  per  minute  (scim)  of  helium  at  250-psia  supply 
pressure.  Recent  design  analysis  studies  on  the  turbine  control  valve 
have  found  this  leakage  requirement  somewhat  restrictive  in  design  flex¬ 
ibility.  It  would  have  forced  the  design  toward  a  poppet-type  configur¬ 
ation  and  a  relatively  large  valve  envelope  and  greater  engine  packaging 
difficulty.  A  review  of  the  preliminary  turbine  control  valve  design 
effort  revealed  this  problem  and  it  was  decided  to  re-examine  the  tur¬ 
bine  control  valve  leakage  requirements  based  on  the  more  detailed  infor¬ 
mation  presently  available. 

(C)  A  study  of  the  main  engine  turbine  control  valves  functions  has  indicated 
that  valve  through  leakage  is  only  critical  during  start  and  cutoff  pro¬ 
cedures  and  only  on  the  oxidizer  turbine  control  valve.  The  fuel  turbine 
control  valve  is  opened  immediately  after  the  start  signal  and  the  valve 
closing  is  the  last  function  during  the  cutoff  procedure;  the  main  fuel 
valve  is  closed  first.  Therefore,  leakage  through  the  fuel  turbine  con¬ 
trol  valve  (in  the  closed  position)  is  not  critical.  The  primary  concern 
with  the  turbine  control  valve  leakage  is  to  avoid  premature  breakaway  or 
rotation  of  the  oxidizer  pump  before  the  oxidizer  main  valve  is  opened. 
Also,  excessive  turbine  control  valve  leakage  could  cause  a  long  oxidizer 
turbopump  coast  down  time  at  cutoff.  It  is  desirable  to  minimize  this 
coast  down  time  to  avoid  spinning  the  oxidizer  pump  at  high  rpm's  without 
propellants  in  the  pump. 
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(U)  The  results  of  the  computerized  engine  start  and  cutoff  model  analysis  were 
reviewed  to  obtain  information  that  would  aid  in  determining  maximum  allow¬ 
able  turbine  control  valve  leakage  and  still  avoid  premature  rotation  of 
the  oxidizer  pump  at  start  or  long  coast  down  times  at  engine  cutoff. 

(C)  The  engine  start  model  results  indicated  that  initial  turbine  inlet  pres¬ 
sures  to  the  oxidizer  turbine  are  on  the  order  of  5  psia.  With  this  tur¬ 
bine  inlet  pressure,  it  would  take  approximately  0.006  lb/sec  of  hydrogen 
to  break  away  the  turbopump.  The  required  starting  torque  was  estimated 
by  several  methods  including  predicted  bearing  and  seal  friction  loads 
from  test  experience,  and  data  obtained  from  the  turbine  performance  maps. 
The  0.006- lb/sec  hydrogen  flowrate  is  equivalent  to  an  approximate  helium 
leakage  of  50,000  scim.  Further  analysis  was  performed  to  determine  the 
influence  of  variations  in  turbine  inlet  pressure  (or  turbine  control  valve 
upstream  pressure)  and  predicted  turbopump  starting  torques.  The  results 
indicate  that  turbine  control  valve  leakage  rates  of  up  to  50,000  scim  of 
helium  could  be  tolerated  with  no  adverse  effects  during  main  engine 
start  procedures. 

(C)  A  similar  type  analysis  was  conducted  to  determine  the  criticality  of  the 
valve  leakage  with  respect  to  the  main  engine  cutoff.  A  review  of  the 
computer  cutoff  model  analysis  indicates  that  the  oxidizer  pump  speed  is 
reduced  from  its  mainstage  running  speed  to  approximately  3000  rpm  in  a 
very  short  time,  and  this  time  is  primarily  controlled  by  the  fact  that 
the  pump  is  loaded  and  producing  a  relatively  high  head  during  this 
period;  leakage  of  relatively  smaller  turbine  drive  gas  flowrates  would 
not  alter  this  pump  speed/time  profile.  However,  the  coast  time  from 
3000  rpm  can  be  influenced  by  a  continued  (or  leakage)  flow  of  oxidizer 
turbine  drive  gas.  This  coast  time  was  found  to  be  a  function  of  the 
turbopump  rotating  moment  of  inertia,  the  rolling  friction  and  the  leak¬ 
age  flowrates.  A  brief  parametric  study  was  conducted  to  determine  the 
sensitivity  of  these  parameters.  It  was  found  that  for  the  estimated 
moment  of  inertia,  and  for  rolling  friction  torques  of  approximately 
2.0  in. -lb  or  greater,  hydrogen  leakage  flows  of  0.005  lb/sec  and 
greater  can  be  tolerated. 


(C)  These  results  indicate  that  turbine  control  valve  leakage  is  not  a  critical 
item  for  the  main  engine  system.  Based  on  these  findings,  the  design 
requirement  value  for  the  main  engine  turbine  control  valve  leakage  was 
increased  to  5000  scim. 

(C)  A  similar  study  was  conducted  for  the  secondary  engine  system.  Because  of 
the  combustion  chamber  tapoff  turbine  drive  gas  system,  turbine  control 
valve  leakage  would  not  influence  the  cutoff  operation.  However,  with 
the  auxiliary  helium  turbine  spin  system  used  for  a  rapid  engine  start 
and  the  proposed  start  sequence,  oxidizer  turbine  control  valve  leakage 
could  cause  premature  rotation  of  the  pump.  Based  on  results  from  the 
cutoff  model  analysis  and  further  analysis,  it  was  found  that  leakage 
through  this  valve  was  even  less  critical  than  on  the  main  engine.  This 
is  caused  primarily  by  differences  in  the  turbopump  characteristics  and 
the  lower  energy  of  the  helium  drive  gas  used  during  start. 

(C)  Therefore,  leakage  requirement  specifications  have  been  increased  to 
5000  scim  on  all  of  the  turbine  control  valves. 

(U)  4.  MAIN  ENGINE  MAIN  OXIDIZER  VALVE  ANALYSIS  AND  DESIGN 

(C)  Detailed  definition  of  the  valve  design  parameters  was  established  for 
the  valve  poppet  and  seat  to  satisfy  the  cycle  life  and  the  0.1-scim 
leakage  requirement.  These  values  are  based  on  the  review  of  results  of 
previous  oxidizer  valve  development  programs  and  Rocketdyne  experience  on 
RPL-sponsored  poppet  and  seat  programs.  Following  are  the  design  criteria 
established: 

1.  Radial  motion  of  poppet  relative  to  the  seat  with  the  poppet  and 
seat  in  contact 

a.  0.001-inch  maximum  with  cold-weldable  materials 

b.  0.002-inch  maximum  with  non-cold-weldabU  materials 
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(C) 


2. 


Circumferential  motion  of  the  poppet  relative  to  the  seat  with 
the  poppet  and  seat  in  contact 

a.  0.001-inch  maximum  with  cold-weldable  materials 

b.  0.002-inch  maximum  with  non-cold-weldable  materials 

3.  Poppet  and  seat  surface  finish 

a.  0.3-microinch  arithmetic  average 

4.  Poppet  and  seat  flatness,  including  effects  of  seat  installation 
loads,  valve  structural  loads,  and  thermal  effects 

a.  Flat  within  10  microinches  for  a  single-surface  wave 

b.  Flat  within  0.3  microinch  for  multiple-surface  waves 

f>.  Poppet  and  seat  apparent  stress  under  steady-state  conditions 
a.  500-psi  minimum  and  5000-psi  maximum  average  stress 

6.  Sealing  surface  land  width 

a.  An  effective  flat  land  width  of  0.018  inch  on  a  3-inch 
diameter 

(C)  Formal  layout  of  the  main  engine  oxidizer  valve  was  initiated  using  the 
above-listed  detailed  design  parameters  and  is  shown  in  Fig.  25.  The 
seating  material  selected  for  the  valve  was  titanium  carbide.  The  seat 
closure  will  be  welded  instead  of  gasketed,  and  is  flexure  mounted. 
Metal-plated  Naflex  seals  were  selected  for  all  sealing  surfaces  in  the 
valve  and  at  the  valve  interfaces.  To  reduce  valve  envelope  requirements 
further,  and  to  simplify  the  design,  the  final  actuator  design  incorpor¬ 
ates  a  sinjle-acting  pneumatic  actuator  to  open  the  valve.  Valve  closing 
is  provided  by  spring  force  and  pressure  difference  across  the  poppet. 

(U)  5.  MAIN  ENGINE  TURBINE  CONTROL  VALVE  ANALYSIS  AND  DESIGN 

(C)  The  valving  element  for  the  main  engine  turbine  control  valve  was  reselected 
based  on  review  of  the  preliminary  design  requirements  for  leakage  and 
valve  response.  A  bail-type  valving  element  was  selected  as  a  result  of 
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(C)  now  values  established  for  internal  leakage  rate  and  valve  response  time 
(5000  scim  and  1  second,  respectively).  These  values  are  based  on  a  more 
detailed  analysis  und  their  use  will  not  result  in  any  degradation  in 
system  performance. 

(C)  The  preliminary  layout  of  the  turbine  control  valve  incorporating  the  ball 
valving  element  is  complete,  as  shown  in  Fig.  26.'  The  valve  has  a  single 
metal  bellows  seal  on  the  upstream  side.  The  electrically  driven  rotary 
actuator  is  directly  coupled  to  the  ball  shaft  to  reduce  the  valve  enve¬ 
lope.  The  design  is  currently  being  fitted  into  the  engine  system  layout 
to  check  interface  compatibility  and  to  ensure  the  most  efficient  inte¬ 
gration  into  the  system,  minimizing  space  requirements. 

(C)  The  area  versus  thrust  curve  for  the  fuel  turbine  control  valve  is  shown 
in  Fig.  27  .  This  curve  was  prepared  from  earlier  engine  system  data. 

An  ideal  thrust  versus  stroke  curve  was  generated  from  control  systems 
considerations  and  is  shown  in  Fig.  28.  The  criterion  applied  to  generate 
this  curve  was  that  control  loop  gain  should  be  as  constant  as  possible. 

The  resulting  linear  characteristic  curve  has  the  disadvantage  that  a  1- 
percent  nonlinearity  of  nominal  thrust  becomes  a  9-percent  nonlinearity  at 
minimum  thrust  for  a  9  to  1  throttling  engine.  An  alternative  is  shown 
by  the  equal  percentage  curve,  which  has  the  property  that  a  nonlinearity 
expressed  as  a  percent  of  nominal  is  the  same  percentage  of  the  current 
operating  level,  thus  improving  chances  of  maintaining  a  specified  thrust 
accuracy  over  the  entire  thrust  range.  By  combining  both  curves  and 
eliminating  thrust,  an  area  versus  stroke  curve  can  be  obtained.  Additional 
refinements  will  be  made  to  these  data;  however,  the  approach  is  to  use  the 
area  versus  stroke  or  rotation  (ball-type  valve)  relationships  thus  gen¬ 
erated  to  shape  the  ball  passage  in  the  turbine  control  valve  design  to 
achieve  the  required  throttling  characteristic. 
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Figure  28.  Ideal  Thrust  vs  Valve  Stroke  Curves,  Optimum  Control 
and  Equal  Percentage  Curves  (U) 


(U)  6.  SECONDARY  ENGINE  CONTROL  SYSTEM  ANALYSIS  AND  DESIGN 

(C)  Similar  controls  for  the  thrust  and  mixture  ratio  control  to  those  of  the 
main  engine  were  developed  for  the  secondary  engine.  This  was  done  by 
computing  the  turbomachinery  time  constants  using  the  formula: 

w  »  60  T/2  7T  I  N 

where  w  is  the  turbomachinery  lag  frequency  (radians  per  second) .  T  is 

the  torque  at  the  operating  level  (in. -lb),  tt  =  3.14159,  I  is  the  iner- 

2 

tia  of  the  rotating  parts  (in. -lb-sec  ),  and  N  is  the  operating  level 
speed  (rpm) .  The  following  computed  values  of  w  were  used  in  the  analysis 

Oxidizer  Turbopump  Fuel  Turbopump  Ratio 
Primary  Engine  ^  9.08  rad/sec  3.18  rad/sec  2.86 

Secondary  Engine  4.00  rad/sec  1.70  rad/sec  2.35 

(U)  Therefore,  it  is  to  be  expected  that  system  gain  figures  and  frequencies 
will  be  lower  than  those  of  the  main  engine. 

(C)  At  this  point,  it  was  decided  that  available  transient  analysis  data  for 
the  main  engine  should  be  analyzed  as  to  frequency  content  and  approxi¬ 
mated  Laplace  rational  functions.  The  reason  behind  this  was  to  deter¬ 
mine  how  the  turbomachinery  natural  frequencies  enter  into  the  engine 
response  characteristics  required  in  the  generation  of  a  closed- loop 
design.  The  30-percent  thrust  level  was  selected  as  representative. 

(C)  Two  digital  computer  programs  were  utilized,  a  program  to  convert  time 
response  data  to  frequency  response  data  (CONVOLUTION),  and  a  program 
to  fit  frequency  response  data  with  rational  Laplace  functions  (GOODFIT). 
There  are  four  transfer  functions  to  be  determined:  the  change  in  cham¬ 
ber  pressure  with  change  in  the  fuel  turbine  valve  area,  the  change  in 
mixture  ratio  with  change  in  the  fuel  turbine  valve  area,  the  change  in 
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(C)  chamber  pressure  with  change  in  the  oxidizer  turbine  valve  area,  and  the 
change  in  mixture  ratio  with  change  in  the  oxidizer  turbine  valve  area. 
The  frequency  response  curves,  together  with  the  fitted  transfer  function 
curves,  are  shown  in  Fig.  2 9  and  30  for  the  fuel  throttle  valve,  and  in 
Fig.  31  and  32  for  the  oxidizer  throttle  valve. 

(C)  The  four  transfer  functions  determined  were: 


d  Pc/dApTV 


0.335  (s  -  0.143) 
s2  +  1.7  s  +  1.2 


d  MR/dA 


-6.86 
s  +  3.43 


d  Pc/dAoTv 


1.42 

s  +  1.28 


d  MR/dA  -  8.39  (s  +  0.563) _  _ _ 8 . 38 

'OTV  (s  +  0.892)  (s  +  5.84)  '  (s  +  9.25) 

where 

FTV  =  fuel  throttle  valve 
OTV  *  oxidizer  throttle  valve 

(C)  For  the  last  transfer  function  listed,  a  first-order  approximation  to 
the  function  is  made  for  comparison  purposes.  It  can  be  seen  that  the 
response  frequencies  are  related  in  the  following  way.  The  frequencies 
in  the  mixture  ratio  transfer  functions  are  directly  related  to  the  turbo¬ 
machinery  time  constants  (9.08  as  compared  to  9.25  oxidizer,  and  3.18  as 
compared  to  3.43  fuel).  The  chamber  pressure  transfer  function  responses 
show  frequencies  slightly  higher  than  the  power  level  (30  percent)  times 
the  slower  of  the  two  turbopump  frequencies  (the  fuel  at  3.18  rad/sec). 

(C)  Based  on  these  observations,  the  extrapolation  can  be  made  from  the  main 
engine  to  the  secondary  engine.  Reference  is  made  to  the  control  sche¬ 
matic  shown  in  Fig.  33.  It  is  assumed  that  loop  gains  may  stay  the  same 
to  obtain  equivalent  response  characteristics;  this  means  that  only 
those  factors  that  have  the  dimension  of  time  (or  its  reciprocal)  need 
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Figure  29.  Chamber  Pressure  as  a  Function  of  Fuel  Throttle  Valve  Area  (U) 
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(C)  be  changed.  By  this  reasoning,  should  be  the  same  for  both  engines 
because  the  ratio  of  the  turbomachinery  time  constants  is  approximately 
the  same.  The  factors  that  will  vary  are  K^,  and  "i  2  ant*»  °f  course, 
the  numerator  time  constant  of  the  cross-transfer  function. 

(C)  The  numerator  time  constant  is  the  reciprocal  of  the  oxidizer  turbopump 
frequency  or  1/4  (=0.25).  The  value  for  and  for  will  be  directly 
related  to  the  ratio  of  the  fuel  turbomachinery  time  constants  for  the 
main  engine  to  the  secondary  engine  (or  1.7/3.18)  or  about  one-half  the 
values  for  the  main  engine.  The  value  for  K,.  will  be  directly  related 
to  the  ratio  of  the  oxidizer  turbomachinery  time  constants  for  the  main 
engine  to  the  secondary  engine  (or  4.00/9.08)  or  four-ninths  the  value 
for  the  main  engine.  These  values  are  reflected  in  the  schematic  of 
Fig.  33  and  the  values  of  control  constants  of  Fig.  34. 

(U)  Some  corroboration  of  this  extrapolation  was  made  by  comparing  time  con¬ 
stants  observed  in  some  preliminary  analog  computer  model  runs  of  the 
secondary  engine  to  those  in  this  control  system.  Correspondence  was 
judged  to  be  adequate. 

(U)  7.  CONTROLS  SPECIFICATIONS  AND  REPORTS 

(U)  Preliminary  specifications  for  components  of  the  pneumatic  control  sys-  . 
tem  for  the  main  and  secondary  engine  were  revised  to  reflect  refine¬ 
ments  made  to  engine  pneumatic  requirements  as  a  result  of  further  anal¬ 
ysis  of  system  requirements.  These  revised  specifications,  together 
with  the  turbine  spin  valve  design  requirement  specification,  are  in 
review  prior  to  publication. 

(U)  The  following  reports  were  reviewed  during  this  report  period: 

AFRPL-TR-68-32,  "Wide  Range  Flow  Control  Program,"  F.  Merritt, 

L.  Dumont,  December  1968. 

AFRPL-TR-68-22,  "Final  Report  on  the  Development  of  Analytical 
Techniques  for  Bellows  and  Diaphragm  Design,"  T.  M.  Trainer, 

L.  E.  Hulbert,  J.  F.  Lesting,  R.  E.  Keith,  March  1968. 
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Kftv 
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K,=  K4r.2l6 

T|-T| -.02-f 


Krrv  =  Fuel  Turbino  Valve  Slew  Rate  Response  to  Current 

rt  ss  First  Order  Approximation  to  Fuel  Turbine  Valve 
Time  Constant  (Small  Signal) 

“  Oxidizer  Turbine  Valve  Slew  Rate  Response  to  Current 

V  =  First  Order  Approximation  to  Oxidizer  Turbine  Valve 

5  Time  Constant  (Small  Signal) 


Note:  tarred  variables  refer  to  decimal  fractions  of  nominal  value,  as  P^  may  tn'-'e  on 
values  from  0  to  1,0  (or  more). 

The  1  designation  means  nominal  value. 


Figure  33.  Control  System  Compensation  for  Secondary  Engine  (U) 
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Figure  34.  Compensation  Parameters  as  a  Function  of  Power  Level  (U) 
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(U)  TASK  II— CRITICAL  COMPONENT  DEMONSTRATION  TESTING 

(C)  The  objectives  of  this  task  are  to  design,  fabricate,  and  test  critical 
engine  component  hardware  to  determine  performance  and  demonstrate  solu¬ 
tions  to  potential  design  and  fabrication  problems.  The  critical  compon¬ 
ents  include  segments  of  the  main  thrust  chamber,  complete  main  thrust 
chamber  assembly,  and  seals  and  bearings  for  the  LF^  pumps.  Progress 
was  made  in  the  following  areas: 

1.  Design  and  fabrication  of  main  thrust  chamber  assembly  components 

2.  Design  and  fabrication  of  the  nozzle  extension  and  base  closure 
that  will  contain  a  secondary  thrust  chamber  simulation 

3.  Design  and  fabrication  of  a  reduced  size,  5-inch,  water-cooled 
segment  chamber  and  injector 

4.  Design  and  fabrication  of  the  prototype,  regeneratively  cooled, 
30-degree  segment  chamber  and  injector 

5.  Fabrication  of  the  main  and  secondary,  and  test  of  the  main, 
engine  LF2  pump  bearing  and  seal  testers 

(U)  1.  THRUST  CHAMBER  SEGMENT  DESIGN  AND  FABRICATION 

(C)  Design  and  fabrication  effort  during  this  quarterly  period  was  concen¬ 
trated  on  the  30-degree,  prototype  segment  and  preliminary  manufacturing 
effort  on  the  360-degree  thrust  chamber  segments  and  injector  segments. 

A  complete  summary  of  the  segment  hardware  design,  fabrication,  and  test 
status  is  presented  in  Table  4  . 

(U)  a.  30-Degree  Prototype  Segment  Chamber  Design 

(C)  The  selected  design  for  the  30-degree  prototype  thrust  chamber  segment 
consists  of  a  channel-wall  chamber  utilizing  a  single-pass  cooling  cir¬ 
cuit.  The  design  has  a  3.5-inch  length,  from  injector  face  to  throat 
plane,  Gc  contour  combustion  chamber. 
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(U)  AMPT  PROGRAM  TASK  II  THRUST  CHAMBER  DESIGN, 
_ FABRICATION,  AND  TEST  STATUS _ 
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TABLE  4 

(U)  (Concluded) 
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♦Fabrication  under  company  sponsorship 


(Cj  The  design  layout  of  the  prototype  chamber  segment  was  presented  in  Ref.  1  , 
but  detail  designs  were  not  completed  at  that  time  because  selection  of  the 
hot-gas  fabrication  technique  had  not  been  completed.  The  evaluation  pro¬ 
gram  for  selection  of  the  thrust  chamber  hot -gas  face  has  been  completed. 

The  following  hot-gas  face  configuration  was  selected  for  the  thrust 
chamber  segments: 


1.  Inner  Body:  stretch-formed,  wrought-nickel  sheet  that  is  furnace- 

braze  attached  to  the  electroformed  nickel  substrate 
into  which  the  coolant  passages  have  been  machined 

2.  Outer  Body:  explosively  formed,  wrought-nickel  sheet  that  is 

furnace-braze  attached  to  the  electroformed  nickel 
substrate  into  which  the  coolant  passages  have  been 
machined 


3. 


Side  Plates: 
(Baffles) 


Wrought-nickel  sheet  that  is  furnace-braze  attached 
to  the  wrought-nickel  plate  into  which  the  coolant 
passages  have  been  machined 


(C)  All  sample  work  previously  detailed  in  Ref.  2  was  completed,  and  a  wrought- 
nickel  face  was  determined  to  be  superior  to  an  electroformed  nickel  face 
because  of  reproducible  sheet  quality  and  mechanical  properties.  Although 
the  improved  electroform  samples  were  successful,  the  inability  to  com¬ 
pletely  define  the  mechanism  of  electroform  failure  on  the  company -sponsored, 
30-degree  channel  chamber  was  considered  sufficient  reason  to  relegate  this 
process  to  a  backup  classification. 

(C)  Tlje  wrought-sheet  braze  samples  No.  7  and  No.  8  (presented  in  Ref.  2  ) 

will  be  discussed  in  detail  because  the  decision  to  use  wrought-nickel  face 
sheets  was,  to  a  major  degree,  based  on  the  success  of  these  two  samples. 


(U)  (1)  Sample  No.  8,  Outer  Body 

(C)  This  sample,  which  represents  the  actual  chamber  segment  outer  body,  was 
completed  first  and  is  shown  in  Fig.  35.  The  manufacturing  procedure  was 
as  follows.  The  basic  forging  was  machined  to  provide  the  contour  surface 
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(C)  for  the  thick  electroformed  nickel  substrate  and  all  internal  manifolds 

and  feed  passages.  The  thick  nickel  substrate  was  electroformed,  and  then 
machined  to  provide  the  hot-gas  wall  contour  and  coolant  passages  (slots). 
The  braze  alloy  foil,  0.001-inch  thick,  was  spot  tacked  to  the  lands  with 
a  stored-energy  welder.  Braze  tooling  and  a  pressure  bag  were  used  for 
face  attachment.  Visual  inspection  following  brazing  indicated  a  satis¬ 
factory  assembly  with  no  wrinkling  of  the  face  sheet  or  other  damage  or 
deformation.  All  coolant  passages  were  rodded  with  a  0.014-inch-diameter 
wire  and  were  found  to  be  clear  with  no  obstructions.  The  body  was  then 
machined  at  the  forward  and  aft  end  for  channel  end  TIG-braze  closure. 
Following  this  operation,  an  attempt  was  made  to  rod  the  passages  again 
to  verify  that  all  passages  were  open  prior  to  closure  of  the  channel 
\.  ends.  Twenty-six  channels  were  found  to  be  plugged  with  foreign  material 
located  in  the  throat  region,  which  is  the  minimum  flow  area.  Although 
thi^.was  primarily  a  braze  test  sample,  the  presence  of  foreign  material 
pluggingv-was  significant  because  it  could  occur  o'ij  subsequent  segments 
and  would  present  a  serious  problem.  It  was  apparent  that  techniques 
should  be  developed  to  remove  the  plugs  and  changes^  made  in  manufacturing 
sequence,  machining  techniques,  and  the  design  to  pi^vent  plugging. 

(U)  Twenty-six  coolant  passages  were  plugged  with  a  mixture  of  wax,  CRES  chips, 
nickel  chips, .and  grinding  dust.  Removal  methods  included  (nonconcurrent): 
pressurized  injection  of  solvents  and  concentrated  nitric  acid;  hypodermic 
injection  of  concentrated  hydrochloric  acid,  concentrated  nitric  acid,  and 
commercial  nickel  stripper;  vibration  on  a  30K  shaker  table;  and  ultra¬ 
sonic  cleaning.  This  effort  resulted  in  the  unplugging  of  seven  coolant 
passages,  but  was  unsuccessful  in  the  other  19,  indicating  that  stringent 
preventative  measures  were  required. 

\ 

(U)  When  it  became  apparent  that  the  foreign  material  could  not  be.  removed, 

\ 

closure  of  the  channel  ends  for  hydrostatic  pressure  test  was  completed. 

The  segment  was  hydrostatic  pressure  tested  at  2500  psig  and  satisfactory 
hot-gas  face  sheet  braze  attachment  was  demonstrated. 


(2)  Sample  No.  7,  Inner  Body 


(U)  This  sample,  which  was  completed  after  sample  No.  8,  represents  the  actual 

chamber  inner  body,  and  is  shown  in  Fig.  36.  The  sample  met  all  engineering 
requirements  for  the  prototype  thrust  chamber  inner  body  and,  therefore, 
was  scheduled  to  be  used  for  the  prototype  thrust  chamber  segment  assembly. 
The  manufacturing  sequence  and  operations  for  the  sample  were  very  similar 
to  the  outer  body  sample  discussed  previously,  with  the  exception  of  the 
stringent  contamination  control  procedures  that  had  been  instituted. 

(C)  The  inner  body  sample  was  successfully  hydrostatic  pressure  tested  to 
2750  psig  at  ambient  temperature. 

(U)  b.  Thirty-Degree  Prototype  Segment  Fabrication 

(U)  The  outer  body  detail  design  is  shown  in  Fig.  37.  it  was  originally 
planned  that  the  outer  body  sample  (No.  8)  would  be  used  for  the  proto¬ 
type  thrust  chamber  if  it  satisfactorily  met  all  engineering  requirements. 

As  noted  previously,  segment  coolant  passages  were  inadvertently  plugged 
during  a  manufacturing  operation.  Fabrication  of  a  substitute  segment 
body  was  immediately  initiated. 

(U)  Fabrication  of  the  outer  body  segment  for  the  prototype  segment  has  been 
completed  satisfactorily.  The  completed  segment  is  shown  in  Fig.  38  and 
39,  following  furance  brazing  and  channel-end  closure,  and  immediately 
prior  to  alloying  for  the  30-degree  prototype  assembly  braze  cycle. 

(U)  (1)  Inner  Body 

(U)  The  inner  body  detail  design  is  shown  in  Fig.  40.  The  inner  body  segment 
that  will  be  used  for  the  30-degree  prototype  was  originally  designated 
as  sample  No.  7.  The  sample  satisfactorily  met  all  engineering  require¬ 
ments,  so  was  accepted  for  use  in  the  30-degree  prototype  assembly. 
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Figure  36.  30-Degree  Prototype  Segment  Inner  Body  (U) 
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Figure  37.  Outer  Body  Brazed  Shell 
Segment  (  U  ) 
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Figure  39.  Outer  Body  Prior  to  Final  Segment  Assembly  (U) 
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Figure  40.  Inner  Body  Brazed  Sheet 
Segment  (U) 


(U)  Completion  of  fabrication  of  the  inner  body  segment  for  the  prototype 
segment  was  subsequently  accomplished.  The  completed  segment  is  shown 
in  Fig.  41  and  42,  immediately  prior  to  alloying  for  the  30-degree  proto¬ 
type  assembly  braze  cycle. 

(UJ  (2)  End  Plates  (Baffles) 

(C)  The  baffle  plates  have  been  completed.  The  furnace  braze  attachment  of  the 
hot-gas  face  was  satisfactorily  accomplished  and  demonstrated  by  a  2750-psig 
hydrostatic  pressure  test  at  ambient  temperature.  The  end  plates  are  shown 
in  Fig. 43  through  45.  Figure  43  shows  the  condition  of  the  baffles  follow¬ 
ing  pressure  test,  prior  to  final  machining,  and  Fig.  44,  after  final 
machining.  Figure  45  shows  the  result  of  a  radiographic  inspection  of  the 
two  baffles  performed  immediately  prior  to  alloying  for  final  assembly 
brazing  of  the  prototype  segment.  The  coolant  passage  details  are  readily 
discernible  in  Fig.  45. 

(U)  (3)  Prototype  Final  Braze  Assembly 

(C)  The  prototype  final  braze  assembly  will  consist  of  the: 

1 .  Inner  Body 

2 .  Outer  Body 

3.  Left-  and  Right-Hand  Baffles 

(C)  The  design  is  shown  in  Fig.  46.  The  inner  and  outer  bodies  were  located 
on  a  special  tooling  plate  for  establishment  of  the  0.187-inch  throat  gap 

during  final  machining.  The  end  plates  were  then  located  with  respect  to 

the  bodies,  and  the  four  alignment  pins  transferred  from  each  inner  and 
outer  body  to  the  end  plates. 

(C)  Alloying,  brazing,  final  machining  of  the  injector-to-segment  joint  and 
the  O-ring  seal  groove  machining  will  complete  the  fabrication  processes 
of  the  assembly.  The  assembly  is  scheduled  for  completion  15  August  1969. 
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Figure  4  1  .  Completed  Inner  Body  Segment  (View  A) (U) 
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Figure  42.  Completed  Inner  Rody  Segment  (View  R ) l  U  ) 
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Figure  44.  Baffles  After  Final  Machining  (U) 


Figure  45.  X-Ray  of  Baffle 
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(U J  c.  Thirty-Degree  Prototype  Injector  Segment,  U/N  4 

(U)  Fabrication  of  the  prototype  injector  detail  parts,  consisting  of  the  body 
and  face,  has  been  complete.'.  Detail  designs  of  these  parts  were  presented 
in  Ref.  1  .  Detail  design  of  the  braze  assembly  is  shown  in  Fig.4"T  . 

(U)  Fabrication  of  the  prototype  injector  U/N  4  has  been  completed,  and  all 
engineering  requirements  have  been  completed.  The  injector  assembly  is 
shown  in  Fig.  48. 

(U)  d.  Thirty-Degree  Prototype  Injector  Segment,  U/N  5 

(C)  Fabrication  of  a  backup  prototype  injector,  U/N  5,  is  presently  in  process. 
The  injector  design  is  identical  to  the  prototype  injector,  U/N  4.  Fabri¬ 
cation  of  the  injector  body  has  been  completed,  while  the  face  is  still 
in  work. 

(U)  e.  Nozzle  Extension 

(U)  The  detail  design  for  the  nozzle  extension  is  almost  complete,  and  is 
shown  in  Fig.  49  . 

(U)  The  tube-forming  tooling  is  complete  and  is  being  proofed.  The  design 

layout  and  detail  design  drawings  of  a  combination  stacking,  brazing,  and 
machining  fixture  have  been  completed.  The  material  for  this  fixture  has 
been  received.  All  forgings  required  for  the  part  have  been  received. 

(U)  f.  Main  Thrust  Chamber  Segments 

(U)  The  ring  forgings  for  the  main  thrust  chamber  inner  and  outer  bodies  have 
all  been  received  from  the  vendor.  Preliminary  machining  of  these  forg¬ 
ings  has  been  completed.  The  inner  body  rings  have  been  parted  into  30- 
degree  segments,  and  one  of  the  two  outer  body  rings  has  been  parted  into 
segments.  Preparation  for  electroforming  of  the  nickel  substrate  is  in 
process.  The  ring  forgings  for  the  injector  body  have  been  received  from 
the  vendor  and  are  being  machined.  Figures  50  and  51  show  a  number  of  the 
segments  in  various  stages  of  fabrication. 
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Figure  51.  Main  Thrust  Chamber  Segments  (View  B)  (U) 
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(U) 


g.  Thirty-Degree  Water-Cooled  Chamber  Segment 


(U)  Repair  of  the  chamber  segment  by  removal  of  the  damaged  throat  section  and 
furnace-braze  attachment  of  a  new  section  was  completed.  One  checkout  test 
was  conducted  and  the  repaired  segment  performed  satisfactorily  with  no 
water  leakage  or  damage. 

(UJ  h.  Thirty-Degree  Injector  (U/N  3)  Modification 

(C)  The  U/N  3  injector  was  scheduled  to  be  used  for  combustion  stability  eval¬ 
uations  to  be  conducted  in  the  30-degree,  water-cooled  segment.  To  main¬ 
tain  a  consistency  of  design,  it  was  necessary  to  modify  the  injection 
pattern  of  the  U/N  3  injector  to  the  prototype  injector  pattern.  This 

was  a  minor  modification  that  consisted  of  the  addition  of  0.018-inch- 
diameter  oxidizer  bias  orifices.  The  modification  was  completed  and  one 
satisfactory  checkout  test  was  conducted  with  the  injector.  No  injector 
damage  was  noted  during  posttest  inspection  though  the  oxidizer  side  of 
the  injector  had  been  contaminated  as  a  result  of  the  failure  of  the  facil¬ 
ity  oxidizer  feed  line.  A  discussion  of  the  failure  is  presented  subsequently. 

(U)  i.  Five- Inch,  Water-Cooled  Thrust  Chamber.  Segment 

(C)  The  5-inch,  water-cooled  thrust  chamber  segment  has  been  described  exten¬ 
sively  in  Ref.  1  .  Fabrication  of  the  segment  was  initiated  and  is  approxi¬ 
mately  50-percent  complete,  with  completion  scheduled  for  September  1969. 

(C)  Fabrication  of  the  reduced-size  injector  also  has  been  initiated  and  is 
scheduled  for  completion  in  September. 
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(U)  2.  HEAT  TRANSFER  ANALYSIS 

(U)  a.  Effect  of  Injector  Oxidizer  Bias  on 

Coolant  Circuit  Operation 

(C)  A  heat  transfer  study  was  performed  to  ascertain  the  effect  of  oxidizer 
film  cooling  on  the  operation  of  the  prototype  thrust  chamber  segment. 

It  was  concluded  that  no  adverse  effects  would  be  sustained  and  that 
reductions  in  pressure  drop  and  heat  rejection  would  be  realized  through¬ 
out  the  throttle  range. 

1C)  Three  tests  with  oxidizer  film  cooling  ^oxidizer  bias)  were  evaluated 
in  this  study.  They  were  conducted  at  chamber  pressures  of  612,  222, 
and  74  psia.  The  data  were  obtained  from  water-cooled  calorimeter  thrust 
chamber  hardware.  These  were  superimposed  on  the  prototype  segment  channel - 
wall  configuration  to  determine  operating  parameters.  The  test  mixture 
ratio,  combustion  temperature  local  gas-side  heat  transfer  film  coeffici¬ 
ents,  and  chamber  pressures  were  used  to  predict  bulk  temperature  rise, 
chamber  wall  temperature,  and  pressure  drop. 

(C)  The  effect  of  the  oxidizer  bias  was  considered  as  follows.  The  gas-side 
heat  transfer  film  coefficient  was  lowered  throughout  the  combustion  zone 
and  in  the  throat.  This  covered  the  local  heat  flux  in  these  areas  and, 
also,  the  overall  bulk  temperature  rise.  The  lowered  bulk  temperature 
rise  and  the  local  heat  flux  caused  the  maximum  wall  temperature  to  be 
lowered  approximately  150  F  from  the  runs  without  oxidizer  bias. 

(U)  Table  5  presents  a  summary  of  the  conditions  used  to  analyze  the  oxidizer 
bias  runs. 
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TABLE  5 


(U)  MAIN  THRUST  CHAMBER  OXIDIZER  BIAS  INJECTOR 
ANAIYSIS  OF  COOLANT  CIRCUIT 


Chamber 

Pressure, 

psia 

Coolant 

Inlet 

Pressure, 

psia 

Coolant 

Exit 

Pressure, 

psia 

Coolant* 

Exit  Bulk 
Temperature, 

F 

650 

1940 

1405 

474 

222 

760 

508 

782 

78 

360 

263 

1330 

*  Inlet  temperature  assumed  to  be  -340  F 

(U)  Figure  52  compares  the  thrust  chamber  exit  bulk  temperature  with  and  with¬ 
out  injector  oxidizer  bias  over  the  range  of  chamber  pressure  necessary 
for  throttling. 

(U)  Figure  53  shows  the  inlet  pressure  as  a  function  of  chamber  pressure. 

Also  shown  is  the  coolant  exit  pressure  for  the  oxidizer  bias  and  the 
no-oxidizer  bias  cases.  Both  outlet  pressure  curves  are  based  on  the 
same  inlet  pressure  curve. 

(U)  b.  Baffle  and  Nozzle  Extension  One-Dimensional 

Heat  Transfer  Analysis 

(C)  Calculations  were  carried  out  to  determine  pressure  drops  and  peak  tem¬ 
peratures  in  the  nozzle  extension  and  chamber  segment  end  plates 
(baffles) .  Peak  gas-side  surface  temperature  of  the  baffles  at  650-psia 
chamber  pressure  was  estimated  to  be  1570  F,  and  pressure  drop  will  be 
136  psi  for  an  inlet  pressure  of  2100  psia.  The  heat  transfer  study  of 
the  nozzle  extension  was  performed  at  chamber  pressures  of  650,  222,  and 
90  psia.  Pressure  drops  of  62,  32,  and  20  psi  resulted  at  the  respective 
chamber  pressures.  A  peak  gas-side  wall  temperature  of  1630  F  was  found 
to  occur  at  a  chamber  pressure  of  90  psia  and  was  located  at  the  leading 
edge . 
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Figure  52.  Main  Thrust  Chamber  Segment  Effect  of  Injector  Oxidizer 
Bizis  on  Inner  Body  Exit  Bulk  Temperature  (U) 


(U) 


(1)  Description  of  Analysis 


(U)  Heat  transfer  and  fluid  flow  calculations  were  made  on  both  the  nozzle 
extension  and  the  baffle  with  the  one-dimensional  heat  transfer  digital 
computer  program. 

(U)  In  the  program,  the  cooling  circuit  is  divided  into  42  increments.  For 
each  increment,  iteration  is  made  on  the  heat  flux  from  the  combustion 
gas  to  the  coolant,  the  resulting  temperature  profile,  and  the  coolant 
change  of  state  until  they  are  compatible  with  the  friction  and  momentum 
pressure  drop  over  the  increment. 

(U)  (a)  Baffle 

(U)  The  gas-side  surface  heat  transfer  coefficients  were  determined  from  the 
solid-wall  segment  tests  and  are  identical  to  the  coefficients  used  in 
the  design  analysis  for  the  main  chamber  segment.  The  coolant-side  sur¬ 
face  coefficient  was  determined  by  the  equation  of  Hess  and  Kunz,  modi¬ 
fied  by  Miller  et  al.,  in  Ref.  1  : 

(U)  Nu0>4  -  0.0204  ReJ;J  PrJ’J  (1  +  0.00983  (1) 

b 

where 

Nu  *  Nusselt  number  =  ip-,  dimensionless 

x  2 

h  *  surface  heat  transfer  coefficient,  Btu/in.  -sec-F 

D  =  equivalent  diameter  of  channel,  in. 

k  =  thermal  conductivity  of  coolant,  Btu/in. -sec-R 

PVD 

Re  »  Reynolds  number  =-jp  ,  dimensionless 
P  *  coolant  density,  lbm/in.^ 

V  »  coolant  velocity,  in. /sec 

P  =  coolant  viscosity,  lbm/in.-sec 

Pr  ■  Prandtl  number  *  CpP/k,  dimensionless 

Cp  »  coolant  constant  pressure  specific  heat,  Btu/lbm-R 

v  ■  ^  ,  in.2/sec 

Subscripts  w  and  b  indicate  coolant  properties  are  to  be  evaluated 
at  wall  and  bulk  temperatures,  respectively,  and  subscript  0.4  indi¬ 
cates  coolant  properties  are  to  be  evaluated  at  Tq  ^  where 

t0.4  =  Tb  +  (T„  -  Tb) 


(U)  Equation  1  was  found  to  have  an  absolute  average  deviation  of  16.2  per¬ 
cent  when  correlated  with  1961  experimental  data  points  taken  at  pressures 
of  455  and  2450  psia,  coolant  bulk  temperatures  of  150  R  and  less,  and 
wall  temperatures  of  -100  F  to  1400  F. 

(U)  (b)  Nozzle  Extension 


(U)  Gas-side  heat  transfer  coefficients  were  computed  using  a  General  Electric 
computer  program  to  solve  the  equation: 

pw;  -  st  <2> 

where  St  ■  Stanton  number  (dimensionless)  and  h,  P,  V,  and  Cp  are  as  prev¬ 
iously  defined.  The  method  used  to  solve  Eq.  2  is  explained  in  detail 
in  Appendix  A.  The  results  are  shown  in  Fig.  54  through  56. 


(U)  The  coolant  surface  heat  transfer  coefficient  was  determined  by: 
NUjj  *  0.O2S  Reg’8  PrJ'4  £ 


where  subscripts  b  and  w  indicate  properties  are  evaluated  at  bulk  cool¬ 
ant  temperature  and  wall  temperature,  respectively.  McCarthy  and  Wolf 
(Ref.  1  )  found  the  above  equation  to  have  an  average  absolute  deviation 
of  10  percent  when  correlated  with  experimentally  determined  values  taken 

at  pressures  of  190  to  1354  psia,  bulk  temperatures  of  215  to  734  R,  heat 

2 

fluxes  from  0.98  to  14.7  Btu/in.  -sec,  and  Reynolds  numbers  from  12,000 
to  1,670,000. 


(U)  (2)  Calculated  Results 

(U)  (a)  Baffle 

(U)  Flowrates  in  the  individual  channels  were  selected  to  satisfy  the  require¬ 
ment  of  equal  pressure  at  the  intersection  of  the  channels  and  at  the  rear 
collection  manifold.  The  pressure  drops  (coolant  temperatures  that  accom¬ 
pany  flow  distribution)  are  presented  in  Table  6.  Figure  57  shows  the  baf 
fie  configuration  and  the  channel  numbering  system  referenced  in  Table  6 . 
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Distance  Along  Surface  From  Leading  Edge  (650-psia  chamber  pressure)  (C) 
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Figure  55 
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Figure  56 


(C)  BAFFLE  CALCULATED  RESULTS  (P  =  650  PSIA) 
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(Cj  It  must  be  noted  that  the  maximum  gas-side  surface  temperature  in  channel  1 
is  determined  by  a  one-dimensional  heat  flow  analysis,  as  are  all  the  tem¬ 
peratures.  Because  the  maximum  value  in  channel  1  occurred  at  0.2  inch 
upstream  of  the  throat,  where  heat  flux  is  at  its  highest,  a  two-dimensional 
calculation  would  yield  a  value  higher  than  1567  F  at  that  location.  Based 
on  previous  studies,  the  effect  will  be  less  than  50  F. 

(U)  (b)  Nozzle  Uxtension 

(C)  With  the  coolant  entering  the  tube  assembly  in  the  upstream  direction,  at 
a  location  6  inches  (measured  axially)  from  the  leading  edge  of  the  nozzle 
extension  and  following  the  two-pass  circuit  illustrated  in  Fig.  58,  the 
conditions  calculated  to  exist  in  the  nozzle  extension  are  as  shown  in 
Table  2.  These  results  also  are  presented  in  Fig.  59  and  60  in  graphic 
form. 


(U)  3.  SEGMENT  THRUST  CHAMBER/ INJECTOR  TESTING 

(U)  Thrust  chamber  test  activity  to  date  has  consisted  of  5-inch  and  30-degree 
thrust  chamber/injector  segments.  A  summary  of  this  testing  through  the 
present  quarter  is  presented  in  Table  8  for  the  5-  inch  hardware  and  the 
30-degree  hardware.  The  table  presents  the  total  tests,  and  accumulated 
test  time  at  the  end  of  testing  a  particular  thrust  chamber/injector 
combination.  For  reference  purposes,  the  test  numbers  associated  with 
the  tests  are  included.  More  detail  of  particular  tests  can  be  obtained 
from  previous  quarterly  reports  (Ref.  1  through  7). 

(C)  The  testing  conducted  during  this  quarterly  period  consisted  of  one 

facility  checkout  test  conducted  prior  to  the  combustion  stability  evalu¬ 
ation  program.  The  test,  021-69,  was  conducted  with  the  30-degree  water- 
cooled  calorimetry  chamber  and  the  30-degree  injector  (U/N  3). 
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TABLE  7 

(U)  NOZZLE  EXTENSION  COMPUTED  RESULTS 


Chamber  Pressure,  psia 

650 

222 

90 

Maximum  Gas -Side 

Surface  Temperature,  F 

1254 

1469 

1632 

Pressure  Drop,  psi 

62 

34 

20 

Hydrogen  Inlet 
Temperature,  F 

474 

781 

1223 

Hydrogen  Exit 
Temperature,  F 

663 

893 

1452 

Hydrogen  Temperature 
Rise,  R  ! 

194 

209 

232 

Inlet  Pressure,  psia 

1200 

448 

198 

i 


EllNlFallBlNlTlIfAll 


Chamber  Pressure,  psia 


Figure  59.  Nozzle  Extension  Gas-Side  Surface  Temperature  and  Coolant 
Inlet  and  Exit  Temperature  (U) 


Pressure  Drop,  p$ia 


TABLE  8 


(U)  THRUST  CHAMBER  TEST  SUMMARY 


Testing*  ! 

Hardware  configuration 

No.  of 

Duration, 

Thrust  Cii amber 

Injector 

Tests 

seconds 

5-Inch 

Segment** 

Gc  Contour,  Water-Cooled,  U/N  1 

Triplet,  U/N  1 

3 

4.4 

(3.5-inch  combustion  zone,  46 

Triplet,  U/N  2 

4 

4.3 

tests,  263  seconds) 

Fan,  U/N  1 

7 

8.7 

Triplet,  U/N  3 

5 

19.8 

Fan,  U/N  2 

13 

96.3 

Fan,  U/N  3 

14 

129.5 

Gc  Contour,  Water-Cooled,  U/N  1  Mod 
(2. 68- inch  combustion  zone) 

Fan,  U/N  3 

8 

103.1 

K  Contour,  Water-Cooled 

Fan,  U/N  1 

8 

38.8 

Fan,  U/N  4 

9 

23.1 

Gc  Contour,  Water-Cooled,  U/N  2 

Fan,  U/N  1 

2 

12.5 

Triplet,  U/N  3 

5 

10.8 

Tube  Wall,  U/N  1 

30-Degre 

Fan,  U/N  2 

e  Segment*** 

1 

0.3 

Water-Cooled 

Integral  Fan, 

U/N  2 

2 

5 

Brazed- Face  Fan, 
U/N  1 

9 

100.9 

Brazed-Face  Fan, 
U/N  3 

3 

67.2 

Tube  Wall,  U/N  1 

Brazed-Face  Fan, 
U/N  1 

22 

196.8 

Brazed-Face  Fan, 
U/N  3 

5 

27.7 

Tube  Wall,  U/N  2 

Brazed-Face  Fan, 
U/N  1 

1 

10.0 

Channel-Wall,  U/N  1 

Brazed-Face  Fan, 
U/N  1 

11 

103.1 

Brazed-Face  Fan, 
U/N  3 

1 

4.9 

♦Refer  to  Table  4  for  final  hardware  condition 

♦♦Test  Series:  001-68  through  074-68,  103-68  through  107-68  (107-68 
final  test  in  1968),  009-69  through  011-69 
♦♦♦Test  Series:  076-68  through  102-68,  001-69  through  008-69,  012-69 
through  021-69,  1001  through  1008 
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Mmunu. 

(C)  Test  021  was  scheduled  for  5.0  seconds  mainstage  duration  at  a  chamber 
pressure  of  350  psia  and  mixture  ratio  of  14.0  (o/f).  One  pulse  gun  was 
sequenced  to  provide  a  stability  rating  pulse  at  4.8  seconds  into  main- 
stage.  The  pulse  gun  was  loaded  with  15  grains  of  Bullseye  powder  in  a 
0.38-caliber  cartridge  with  a  7500-psi  burst  diaphragm  located  between 
the  cartridge  and  the  combustion  zone.  The  test  was  terminated  at  3.05 
seconds  of  mainstage  by  a  test  observer  because  of  burnout  of  the  oxidizer 
main  line.  Figure  61  shows  the  test  in  progress  prior  to  the  fire.  Anal¬ 
ysis  of  the  test  records  and  test  films  indicates  that  the  fire  originated 
in  the  oxidizer  main  valve  and  burned  out  the  oxidizer  main  line  downstream 
of  the  oxidizer  main  valve.  The  oxidizer  flowmeter  section  of  line  upstream 
of  the  main  valve  also  was  burned  out;  however,  the  films  reveal  that  burn¬ 
out  of  the  flowmeter  line  section  was  a  consequence  of  the  fire  and  not  the 
cause. 

(U)  The  pulse  gun  charge  was  removed  from  the  chamber  intact.  Cutoff  was 
initiated  prior  to  firing  of  the  pulse  gun. 

(U)  Facility  repair  is  in  process  and  will  require  approximately  1  week, after 
which  the  stability  test  program  will  be  resumed. 

(U)  4.  OXIDIZER  PUMP  BEARINGS  AND  SEALS 

(C)  During  this  report  period,  the  bearing  and  seal  effort  was  primarily 

devoted  to  the  fabrication  of  the  main  and  secondary  oxidizer  bearing  and 
seal  testers  and  the  testing  of  the  main  engine  bearings  and  seals.  Dia¬ 
grams  of  the  main  bearing  and  seal  tester  and  the  complete  assembly  includ¬ 
ing  the  turbine  drive  are  presented  in  Fig.  62  and  63.  A  malfunction 
occurred  during  the  second  test  in  this  quarter  and  the  fourth  test  on  the 
main  bearing  and  seal  tester.  In  addition,  other  operational  problems 
necessitated  rescheduling  of  the  test  program,  ordering  replacements  for 
the  damaged  hardware,  and  incorporation  of  some  design  improvements.  A 
detail  discussion  of  the  malfunction  and  corrective  action  in  process  is 
presented  later  in  this  report. 
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Figure  <>  1  .  Facility  Checkout  Test  021,  Mainstag 


INTERMEDIATE  SEAL 


(U)  a.  Main  Tester  Design  and  Fabrication 

(U)  Fabrication  of  all  tester  hardware  was  completed  during  the  last  report 

period;  however,  as  a  result  of  the  test  malfunction,  replacement  hardware 
is  required.  The  following  replacement  hardware  is  scheduled  to  be  com¬ 
pleted  22  August  1969: 

Shaft  Nut,  primary  seal 

Housing  Nut,  turbine  seal 

Nut,  rear  Nut,  inner  seal 

Spacer  Bracket,  rpm  pickup 

Nut,  bearing  Carrier,  auxiliary  seal 

(C)  The  damaged  tester  housing  was  reworked  by  welding  a  sleeve  in  place  of 
the  seal  portion  and  using  the  outboard  slave  seal  to  allow  performance 
testing  on  the  oxidizer  recirculation  impeller  using  an  oil-water  solu¬ 
tion  in  lieu  of  LF^  prior  to  the  resumption  of  the  main  bearing  and  seal 
test  program.  The  housing  rework  has  been  completed  and  all  hardware  is 
available  for  the  performance  tests. 

(C)  A  new  LF2  recirculation  impeller  (slinger)  has  been  designed  and  fabri¬ 
cated  to  improve  the  LF2  flow  through  the  tester.  The  new  slinger  is 
designed  for  5-gpm  LF2  flow  and  100-psi  differential  pressure. 

(C)  The  LF2  flow  through  the  tester  also  has  been  improved  by  increasing  the 
size  of  the  inlet  port  and  flow  passage.  This  will  provide  more  assur¬ 
ance  that  the  fluorine  remains  at  liquid  condition  as  it  flows  through 
the  tester. 

(C)  The  air  fan  blower  used  on  the  turbine  shaft  to  absorb  torque  for  speed 
control  was  redesigned  to  increase  the  torque  from  6  in. -lb  to  14  in. -lb 
at  28,000  rpm.  This  change  was  required  for  additional  speed  control. 

The  new  blower  has  been  fabricated  and  is  available  tor  test. 


113 


(U)  The  primary  seal  drain  flow  area  in  the  tester  housing  was  increased  on 
the  new  replacement  housing  to  reduce  the  seal  drain  backpressure  caused 
by  seal  leakage.  The  helium  purge  gas  flow  into  the  primary  drain  will 
be  significantly  higher  with  the  new  floating  ring  intermediate  seal. 

(U)  The  torquemeter  which  seized  on  test  002  has  been  repaired  by  the  manu¬ 
facturer  and  returned  to  Rocketdyne.  The  seizure  occurred  between  the 
shaft  on  the  turbine  end  and  the  bearing  retainer. 

(U)  b.  Main  Seal  Design  and  Fabrication 

(U)  All  of  the  seal  hardware  from  the  original  order  has  been  received.  A 
status  of  the  main  seal  hardware  and  a  list  of  the  seal  design  values 
are  presented  in  Tables  9  and  10,  respectively. 

(C)  The  segmented  intermediate  seal  design  was  changed  to  a  purged,  solid, 
double  floating  ring-type  design,  the  same  as  the  secondary  pump  seal 
(Fig.  64)  because  of  the  high  drag  torque  and  the  torque  variation  of 
the  segmented-type  seal.  The  floating  ring  design  has  negligible  drag 
torque  but  slightly  higher  leakage.  The  rings  are  free  to  be  centered 
by  the  shaft  and  are  designed  to  maintain  a  clearance  on  the  mating 
ring  0D.  Four  seals  have  been  ordered  with  0.002-inch-diametral  clear¬ 
ance  and  two  seals  with  0.005-inch-diametral  clearance.  The  floating 
ring  seal  material  is  AmCerMet  701-65  composite  (sintered  Inconel  600 
with  BaF2-CaF2  filler),  which  has  approximately  the  same  contraction 
rate  as  the  Inconel  718  shaft,  to  maintain  a  constant  clearance  as  the 
temperature  changes. 

(C)  Six  additional  Al^O^-NiCr  spray  nose  piece  primary  seals  and  three  addi¬ 
tional  turbine  seals  have  been  ordered  to  support  the  main  tester  program. 
Also,  three  additional  turbine  seal  mating  rings  and  three  additional 
BaF2-CaF2  coated  Inconel  718  intermediate  seal  mating  rings  have  been 
ordered. 
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TABLE  9 


(U)  MAIN  BEARING  AND  SEAL  HARDWARE  STATUS 


Hardware 

Quantity 

Ordered 

Quantity 

Received 

Status 

Primary  Seal 

Seals 

Kentanium  K162B  Insert 

2 

2 

Not  tested 

AL?Oj  Insert 

1 

1 

Insert  broken 

AL^Oj  Spray  (INCO  shoulder) 

2 

2 

Two  damaged,  LN?  and 
test  004 

AL20.j-NiCr  Spray 

2 

0 

Returned  to  Chicago 
Rawhide  for  rework, 
due  1  September  1969 

AL2Oj-NiCr  (new  order) 

6 

0 

Due  1  October  1969 

Without  Insert 

2 

0 

Hold  at  Chicago  Rawhide 
pending  selection 

Nose  Piece  Inserts 

Kentanium  K162B 

5 

S 

Not  tested 

AL2Oj  Solid 

5 

5 

Not  tested 

Mating  Rings 

Kentanium  K162B 

8 

8 

Two  damaged,  LN_  and 
test  004 

AL203  Coated  INCO  718 

Intermediate  Seal 

Seals 

8 

8 

One  damaged,  test  002 

Segmented  Kentanium 

3 

3 

Not  tested 

Segmented  Bearium 

3 

3 

Two  damaged,  test  002 
and  004 

Segmented  BaF2-CaF2 

3 

3 

Not  tested 

Floating  Ring  BaF2~CaF2 

6 

0 

Due  1  October  1969 

TABLE  9 


(U)  (Concluded) 


Hardware 

Quantity 

Ordered 

Quantity 

Received 

Status 

Mating  Ring 

INCO  718 

3 

3 

Two  damaged,  test  002 
and  004 

BaF2-CaF2-Coated  Inconel 

3 

3 

Not  tested 

BaF2-CaF2  (new  order) 

3 

0 

Due  1  September  1969 

AL20j  -Coated  Inconel 

3 

3 

Not  tested 

Turbine  Seal 

Seals 

Carbon  P5N 

3 

3 

One  destroyed,  test  004 

Carbon  P5N  (new  order) 

3 

0 

Due  1  October  1969 

Mating  Ring 

Chrome-Plated  INCO  718 

3 

3 

Two  damaged,  test  002 
and  004 

Chrome-Inconel  (new  order) 

3 

0 

Two  damaged,  test  002 
and  004 

Bearings 

25  MM 

10 

10 

Three  damaged,  LN2, 
test  002,  004 

30  MM 

10 

10 

Three  damaged,  LN_, 
test  002,  004 
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(C)  The  two  Al^Oj-NiCr  spray  primary  seals,  which  were  received  on  the  original 
order,  have  been  returned  to  Chicago  Rawhide  for  recoating  of  the  AL^O^ 
because  of  edge  roughness  on  the  seal  nose. 

(U)  c.  Main  Bearing  Design  and  Fabrication 

(U)  The  tester  bearings  have  been  received.  Three  sets  of  bearings  have  been 
damaged  during  testing  and  seven  new  sets  are  available  in  stock. 

(U)  d.  Secondary  Tester  Design  and  Fabrication 

(C)  The  torquemeter  mount  was  changed  from  suspension  by  the  turbine  and 

tester  shafts  to  a  rigid  mount  with  spline  couplings  to  provide  a  greater 
safety  margin  for  critical  speed.  The  calculated  critical  speeds  were 
62,000  and  96,000  rpm  for  the  suspended  system  and  32,000  and  165,000  rpm 
for  the  rigid  mount.  The  operating  speed  is  75,000  rpm. 

(C)  The  LF2  recirculation  impeller  was  redesigned  to  add  a  shroud  for  higher 
efficiency  to  ensure  adequate  /IQ  characteristics  to  maintain  LF2  flow 
through  the  tester. 

(C)  An  air  fan  blower  has  been  designed  for  installation  on  the  turbine  shaft 
to  absorb  7  in. -lb  torque  at  75,000  rpm  to  improve  speed  control.  Fab¬ 
rication  of  the  blower  is  scheduled  to  be  complete  15  August  1969. 

(U)  e.  Secondary  Seal  Design  and  Fabrication 

(C)  The  seal  design  was  completed  and  six  sets  of  seals  were  ordered  during 

the  last  report  period.  The  scheduled  seal  delivery  date  is  15  August  1969. 

(U)  A  list  of  seal  design  values  and  status  of  the  secondary  seal  hardware 
are  presented  in  Tables  10  and  11,  respectively. 


TABLE  U 


(U)  SECONDARY  BEARING  AND  SEAL  HARDWARE  STATUS 


Hardware 
Primary  Seal 


Quantity  Quantity 
Ordered  Received 


Status 


AL^-NiCr  Spray 


6 


0 


Due  15  August  1969 


Primary  Mating  Ring 

AL-0  Spray  on 
Bearing  Race 


6  bearings 


0 


Due  15  August  1969;  to 
be  coated  at  Rocketdyne 


Intermediate  Seal 
BaF2-CaF2  Composite 

Intermediate  Mating 

BaF 
on 


_-CaF?  Coating 
Shaft 


6 


2  shafts 


6  Due  15  August  1969 

0  Due  15  August  1969 


Turbine  Seal 

Carbon  P5N  6 

> 

Turbine  Mating  Ring 

Chrome-plated  INCO  718  6 


0  Due  15  August  1969 

6  Not  tested 


Bearings 
10  MM 
6  MM 


6 

6 


0 

0 


Due  15  August  1969 
Due  15  August  1969 


(U)  f.  Secondary  Bearing  Design  and  Fabrication 

(C)  The  bearing  design  was  completed  and  six  sets  of  bearings  were  ordered 

during  the  last  report  period.  The  scheduled  delivery  date  is  15  August  1969. 

(U)  The  bearing  hardware  status  and  a  summary  of  the  bearing  design  values  are 
presented  in  Tables  11  and  12,  respectively. 


(U)  g.  Main  Tester  Assembly  and  Static  Tests 

(C)  The  tester  was  assembled  three  times  (two  overhauls)  during  this  report 
period.  The  second  overhaul  was  required  because  of  damage  to  the  bear¬ 
ings  and  primary  seal  caused  by  lack  of  lubrication  from  running  with  LN2 
in  the  bearing  cavity.  The  following  hardware  was  installed: 

Primary  Seal 

Seal—AL^O^  Spray  (INCO  Shoulders)  80-5329  CR2 
Mating  Ring--Kentanium  K162B  solid  ring  SN2 

Intermediate  Seal 

Seal--Bearium  B-10  segmented  80-5292  CR1 
Mating  Ring--INC0  718  (no  plating)  SN1 

Turbine  Seal 

Seal— Carbon  P5N  (lapped)  80-5314  CR4 
Mating  Ring — INCO  718  chrome-plated  SN2 

Bearings 

NA5-260268  SN  1009 
NA5-260269  SN  1005 

(C)  The  static  seal  helium  leakage  rates  on  the  second  overhaul  were  as  follows: 

Primary  Seal 

2  scim  at  30  psid 
Intermediate  Seal 

1500  scim  at  50  psid 
Turbine  Seal 

1  scim  at  30  psid 
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(U)  OXIDIZER  TURBOPUMP  BEARING  DESIGN  SUMMARY 


K-MONa  K-MONa  K-MONa  K-MONa 

ON  s  SPEED  .7  x  10®  .56X10*  .6x10*  .6x10* 


(CJ  A  static  test  was  performed  to  measure  the  primary  seal  drain  cavity 
pressure  versus  helium  flow  through  the  drain  to  determine  the  back¬ 
pressure  caused  by  seal  leakage.  The  data  indicated  that  the  drain  pas¬ 
sages  should  be  increased  to  prevent  excessive  backpressure  if  the  seal 
leakage  is  high.  The  measured  backpressure  at  8000-scim  drain  flow  was 
15  psig  (see  Fig.  65).  The  drain  flow  passage  was  increased  approxi¬ 
mately  2.5  times  on  the  new  replacement  housing. 

(U)  h.  Main  Bearing  and  Seal  Dynamic  Tests 

(C)  Two  dynamic  bearing  and  seal  tests  with  liquid  fluorine  were  performed 
at  the  Santa  Susana  Propulsion  Research  Area,  Mike  stand,  for  a  total 
duration  of  574  seconds  during  this  report  period. 

(C)  The  following  summary  shows  the  total  dynamic  testing  on  the  main  bear¬ 
ing  and  seal  program: 


Test  No. 

Date, 

1969 

No.  of 
Starts 

Time, 

seconds 

Speed, 

rpm 

Remarks 

001  (LF2) 

— 

4-2 

0 

0 

0 

No  rotation;  turbine  valve  not  open 

002  (LF2) 

4-3 

1 

3 

42,500 

Torquemeter  seized;  rebuilt  tester 
with  new  bearings  and  seals;  used 
solid  shaft  in  place  of  torquemeter 
and  added  air  fan  for  speed  control 

“*2 

Starts 

4-25 

5 

61 

6,400- 

53,700 

Speed  control  erratic;  damaged  bear¬ 
ings  and  seals  due  to  U^;  rebuilt 
tester  and  added  bigger  air  fan 

003  (LF2) 

5-10 

8 

56 

33,000 

Speed  control  erratic;  suspect 
intermediate  seal  torque  variation 

004  (LF2) 

5-12 

5 

518 

16,700- 

47,000 

Fire  started  at  intermediate  seal 
and  burned  through  housing 
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MFjiimi! 


Drain  Flaw,  scia 


Figure  65.  Main  Tester  Seal  Drain  Flow  (He)  vs  Drain  Cavity  Pressure 
(primary  and  turbine  s  same)  (U) 
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(U)  The  following  dynamic  testing  was  conducted  during  this  report  period. 

(C)  (1)  Test  003  (5-10-69) - -8  Starts  for  56  Seconds 

(C)  The  tester  was  chilled  down  with  liquid  fluorine  and  the  turbine  inlet 
pressure  was  increased  to  64  psig  when  the  speed  suddenly  spiked  to 
33,000  rpm.  The  pressure  was  vented  to  45  psig  and  the  speed  dropped  to 
15,000  rpm,  then  decayed  to  zero  with  no  change  in  pressure.  The  pressure 
was  increased  again  to  77  psig  and  the  speed  spiked  to  33,000  rpm,  then 
dropped  to  zero  when  the  pressure  was  vented  to  66  psig.  The  speed 
spiked  from  zero  to  approximately  30,000  rpm  six  more  times  with  the 
turbine  pressure  constant  at  approximately  90  psig.  The  test  was 
terminated  because  of  erratic  speed  control. 

(C)  The  intermediate  seal  purge  pressure  decayed  from  approximately  50  to 
approximately  45  psig  at  the  same  time  the  speed  increased,  then  gradu¬ 
ally  recovered  to  approximately  50  psig  at  the  same  time  the  speed 
dropped  to  zero  (Fig.  66). 

(C)  It  was  determined  that  the  erratic  speed  control  was  caused  by  a  variation 
in  the  tester  torque  caused  by  the  segmented  intermediate  seal  drag  torque 
changing  from  the  loading  caused  by  the  purge  pressure. 

(C)  The  purge  pressure,  which  loads  the  segments  against  the  shaft,  decayed 
gradually,  reducing  the  seal  drag  and  allowing  the  turbine  to  start 
rotation.  The  seal  leakage  increased  as  rotation  starts,  which  further 
reduced  the  purge  pressure  because  of  the  slow  response  of  the  pressure 
regulator  and  allowed  a  progressive  speed  increase  until  the  pressure 
regulator  responded  and  started  to  build  up  the  purge  pressure.  The  speed 
then  decreased  and  stopped  after  repressurization  because  of  the  additional 
seal  drag. 


(C)  Because  it  was  determined  that  part  of  the  speed  control  problem  was  related 
to  variation  of  the  intermediate  seal  drag  torque  from  the  loading  caused 
by  the  purge  pressure,  it  was  decided  to  run  the  initial  portion  of  test  004 
with  no  purge  pressure  to  eliminate  that  variable.  This  was  not  considered 
to  be  a  hazard  because  the  main  function  of  the  purge  is  to  provide  a  pres¬ 
sure  barrier  between  the  oxidizer  and  fuel -rich  drain  cavities  to  maintain 
separation,  and  there  was  no  combustible  gas  in  the  tester.  The  purge  also 
provides  some  cooling  and  lubrication  for  the  rubbing  segments;  however, 
the  load  decrease  with  no  purge  pressure  would  probably  compensate  for  the 
lack  of  cooling. 

\ 

(C)  (2)  Test  004  (5-12-69) --5  Starts  for  518  Seconds 

(C)  Test  004  consisted  of  the  following  five  starts  for  a  total  rotation  time 
of  518  seconds  (Fig.  67).  The  total  elapsed  time  from  start  to  cut  was 
982  seconds.' 

(C)  (a)  First  Start  (56  Seconds) 

(C)  The  turbine  inlet  GN2  pressure  was  increased  gradually  with  no  intermed¬ 
iate  seal  purge  pressure  and  the  bearing  cavity  pressure  set  at  95  psig. 

The  turbine  broke  loose  at  40-psig  inlet  pressure  and  spiked  up  to 
29,000  rpm,  then  leveled  off  at  28,000  rpm  when  the  turbine  pressure  was 
vented  to  38  psig,  and  gradually  dropped  to  21,000  rpm  while  the  turbine 
pressure  was  constant  at  38  psig.  The  speed  was  relatively  steady,  but 
there  was  no  oxidizer  flow  through  the  bearings;  therefore,  the  turbine 
pressure  was  vented  to  stop  rotation  until  the  cause  of  no  flow  was 
determined. 

(C)  It  was  suspected  that  the  recirculation  impeller  on  the  tester  shaft  was 
not  pumping  because  of  cavitation  or  vapor  lock  of  the  oxidizer  at  the 
impeller  inlet.  The  bearing  cavity  pressure  was  increased  to  114  psig 
to  improve  the  NPSH  at  the  impeller  inlet. 
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(C)  (b)  Second  Start  (58  Seconds) 

(C)  Turbine  rotation  started  at  an  inlet  pressure  of  34  psig  and  leveled  off 
at  17,000  rpm  for  58  seconds,  then  dropped  to  zero  at  a  constant  inlet 
pressure  of  34  psig.  The  oxidizer  flow  was  intermittent  and  the  bearing 
cavity  pressure  was  increased  again  to  132  psig  approximately  20  seconds 
before  the  speed  dropped  to  zero. 

(C)  (c)  Third  Start  (15  Seconds) 

(C)  The  turbine  inlet  pressure  was  increased  from  34  to  37.5  psig  and  the 
turbine  restarted  and  leveled  off  at  17,000  rpm  for  15  seconds,  then 
dropped  to  zero  again  with  no  change  in  turbine  inlet  pressure. 

(U)  The  oxidizer  flow  was  initiated  by  cycling  the  bleed  valve  open,  which 
vents  the  oxidizer  return  line  to  atmospheric  pressure  and  causes  flow 
because  of  the  pressure  differential  from  the  oxidizer  tank. 

(C)  (d)  Fourth  Start  (62  Seconds) 

(C)  The  turbine  inlet  pressure  was  increased  gradually  from  37.5  to  52  psig 
and  the  speed  spiked  up  to  43,000  rpm  and  gradually  decayed  to  zero  as 
the  inlet  pressure  was  gradually  vented  to  42  psig,  then  restarted  and 
increased  to  10,000  rpm  as  the  turbine  inlet  was  repressurized  to  53  psig. 
The  inlet  pressure  was  increased  to  58.5  psig  and  the  speed  increased  to 
11,000  rpm,  then  dropped  to  zero.  The  bearing  cavity  pressure  was 
increased  from  130  to  163  psig  at  the  same  time.  Oxidizer  flow  was  main¬ 
tained  intermittently  by  cycling  the  bleed  valve  open. 

(C)  (e)  Fifth  Start  (327  Seconds) 

(C)  The  turbine  suddenly  restarted  and  spiked  to  48,000  rpm  at  a  constant 
inlet  pressure  of  58  psig,  then  dropped,  to  21,000  rpm.  when  the  inlet 
pressure  was  vented  to  34  psig  and  remained  relatively  steady  for  300 
seconds  with  a  gradual  decay  to  18,000  rpm  while  the  inlet  pressure  was 
constant  at  34  psig. 
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(C)  Oxidizer  flow  was  maintained  intermittently  by  cycling  the  bleed  valve 
open.  The  bearing  cavity  pressure  was  vented  to  105  and  then  to  75  psig 
because  of  the  oxidizer  flow  out  the  bleed. 

(C)  It  was  decided  to  increase  the  speed  to  28,000  rpm,  leave  the  oxidizer 
bleed  open  to  maintain  flow,  and  gradually  increase  the  intermediate  seal 
purge  pressure  to  determine  the  effect  of  seal  drag  on  speed. 

(C)  The  turbine  inlet  pressure  was  increased  from  34  to  38  psig  and  the  speed 
responded  with  an  increase  to  21,000  rpm.  The  pressure  was  increased 
again  from  38  to  42  psig  and  there  was  no  change  in  speed.  Another  pres¬ 
sure  increase  from  42  to  47  psig  resulted  in  a  speed  increase  to 
23,000  rpm.  The  pressure  gradually  decayed  to  45.5  psig  and  the  speed 
followed  with  a  decrease  to  17,000  rpm.  Then  the  speed  suddenly  increased 
to  31,000  rpm  while  the  pressure  was  constant  at  45.3  psig.  Also,  at 
approximately  the  same  time,  the  Bently  scope  showed  excessive  shaft 
deflection.  Because  it  was  suspected  that  the  deflection  was  caused  by 
running  at  a  critical  speed,  an  attempt  was  made  to  change  the  speed; 
however,  before  any  adjustment  to  the  pressure  could  be  made,  the  speed 
increased  again  to  40,000  rpm.  The  pressure  was  vented  from  45.5  to 
43.5  psig  and  the  speed  dropped  to  33,000  rpm,  then  spiked  to  48,000  rpm. 
At  this  time,  the  window  observer  saw  fire  and  sparks  coming  from  the 
tester  and  the  test  was  terminated. 

(C)  Posttest  inspection  of  the  tester  revealed  a  hole  burned  through  the 
tester  housing  in  the  area  of  the  primary  seal  drain.  There  also  was  a 
secondary  fire  caused  by  ignition  of  lubricating  oil  that  had  leaked 
from  the  turbine  and  collected  in  the  torquemeter  housing.  There  was 
some  minor  fire  damage  to  the  test  stand  instrumentation. 

(U)  The  turbine  and  tester  turned  freely  and  was  only  slightly  rough  with 
approximately  2  to  4  in. -lb  torque. 


(C)  Disassembly  and  inspection  of  the  tester  hardware  revealed  the  following 
(see  Fig.  68  and  69) . 

1.  The  major  portion  of  the  burning  was  centered  in  the  primary 
seal  drain  and  intermediate  seal  area,  indicating  that  the  origin 
of  the  fire  was  on  the  primary  side  of  the  intermediate  seal. 

2.  There  was  no  burning  in  the  intermediate  seal  purge  cavity  area 
of  the  tester  housing,  indicating  that  the  fire  did  not  start 
inside  of  the  intermediate  seal. 

3.  There  was  no  burning  in  the  turbine  seal  drain  area  of  the  tester 
housing,  indicating  that  the  fire  did  not  start  at  the  turbine 
seal. 

4.  The  primary  seal  drain  cavity  portion  of  the  tester  housing  was 
completely  burned  out  through  the  housing,  indicating  that  com¬ 
bustion  was  supported  by  oxidizer  leakage  through  the  primary  seal. 

5.  The  seal  portion  of  the  tester  housing  was  partially  burned  and 
covered  with  molten  metal  and  slag. 

6.  The  bearing  cavity  portion  of  the  tester  housing  was  not  damaged 
by  the  fire  and  appeared  to  be  completely  isolated  from  the 
burning  in  the  seal  area  by  the  primary  seal. 

7.  The  primary  seal  housing  was  partially  burned  away  from  the 
drain  side,  but  the  sealing  face  was  in  good  condition  and  the 
seal  was  still  functional  enough  to  maintain  adequate  sealing 
of  the  oxidizer.  The  bumed-away  portion  of  the  seal  housing 
was  covered  with  molten  metal  and  slag. 

8.  The  tester  bearings  were  slightly  rough,  but  were  not  damaged 
by  the  fire  and  appeared  to  be  in  reasonably  good  condition. 

The  roughness  was  probably  caused  by  the  high  speed  and  high 
loads  from  the  excessive  shaft  deflection  during  the  failure. 

9.  The  tester  shaft  was  slightly  damaged  by  slag  deposits  on  the 
seal  end,  but  would  probably  be  reusable  after  rework. 
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Figure  69.  Seals,  Bearings,  and  Shaft  (Posttest  004)  (U) 
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(C) 


10.  The  Bently  distance  detector  on  the  quill  shaft  coupling  at 
the  tester  contacted  slightly,  indicating  a  radial  deflection 
of  0.025  inch  at  that  location. 

11.  There  was  no  rubbing  on  the  primary  seal  ID,  indicating  that 
the  radial  deflection  at  that  location  was  less  than  approxi¬ 
mately  0.030  inch. 

12.  The  tester  shaft  nut  had  burned  through  and  spun  off,  hitting 
the  air  fan  and  bending  the  blades. 


(C)  The  test  data  indicate  that  the  fire  started  in  the  primary  seal  drain 
cavity  at  963.5  seconds,  which  was  18.5  seconds  before  the  test  was  cut 
at  982  seconds  (see  Fig.  66  and  67,  70  through  73,  and  Table  13). 


(C)  The  first  indication  of  the  fire  was  a  pressure  and  temperature  increase 
in  the  primary  seal  drain.  The  pressure  spiked  to  3.0  psig  and  the  tem¬ 
perature  spiked  off-scale  and  went  erratic,  apparently  from  the  tempera¬ 
ture  bulk  burning  out.  There  was  a  temperature  and  pressure  increase 
in  the  turbine  seal  drain  at  about  the  same  time,  but  the  pressure  only 
reached  1.0  psig,  indicating  the  origin  of  the  pressure  source  was  in 
the  primary  drain.  The  turbine  drain  temperature  bulb  did  not  burn  out, 
indicating  lower  temperature  than  the  primary  drain. 

(C)  There  was  a  second  ignition  in  the  primary  seal  drain  approximately  1  sec¬ 
ond  later  at  964.7  seconds,  which  caused  a  pressure  spike  of  11.5  psig 
in  the  primary  drain,  2.7  psig  in  the  intermediate  purge  cavity,  and 
0.7  psig  in  the  turbine  drain.  The  progressive  decrease  in  the  pressure 
levels  indicates  that  the  pressure  source  originated  in  the  primary  drain. 


(C)  The  data  show  that  the  tester  speed  had  increased  from  17,000  to  approxi¬ 
mately  30,000  rpm  when  the  first  indication  of  the  fire  occurred  (Fig.  70). 
The  only  explanation  for  the  speed  increase  is  a  decrease  in  tester 
torque  because  the  turbine  inlet  pressure  was  constant  at  45.5  psig.  It 
is  theorized  that  this  speed  increase,  and  the  other  speed  changes  which 
occurred  at  a  constant  turbine  inlet  pressure,  were  a  result  of  the  seg¬ 
mented  intermediate  seal  drag  torque  variation. 
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Figure  71.  Test  004:  040  to  990  Seconds,  Last  50  Seconds;  Tester  Speed  (C) 
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73.  Test  004:  940  to  990  Seconds,  Last  50  Seconds;  Bearing 

Cavity  Pressure  (C) 


(U)  MARK  34  TESTER  DATA  SUMMARY,  TEST  004 
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Questionable  measurement 
Pegged  off-scale 


(C)  The  data  indicate  that  the  most  probable  cause  of  the  failure  was  ignition 
of  the  Bearium  B-10  intermediate  seal  segments  on  the  primary  drain  side, 
followed  by  complete  combustion  of  the  intermediate  and  turbine  seals  with 
the  gaseous  oxidizer  which  had  leaked  through  the  primary  seal  and  accumu¬ 
lated  throughout  the  seal  area.  The  greater  amount  of  burning  in  the  pri¬ 
mary  drain  was  caused  by  the  fire  starting  in  that  area  and  from  the  com¬ 
bustion  being  supported  by  the  additional  oxidizer  which  was  leaking 
through  the  primary  seal.  The  fire  apparently  burned  out  after  approxi¬ 
mately  10  seconds  because  of  depletion  of  the  oxidizer  in  the  seal  drain 
area.  The  primary  seal  was  effectively  containing  the  oxidizer  to  the 
bearing  cavity.  The  speed  increased  to  40,000  rpm,  then  to  48,000  rpm 
because  of  the  lower  seal  drag  torque. 

(C)  Ignition  of  the  Bearium  B-10  segments  in  a  highly  oxidizing  atmosphere 
is  possible  because  of  the  heat  generation  between  the  rubbing  surface 
of  the  segments  and  the  rotating  mating  ring.  The  segments  are  loaded 
against  the  mating  ring  with  a  garter  spring  which  is  stretched  around 
the  0D  of  the  segments.  The  garter  spring  load  is  low  (1.0  pound)  com¬ 
pared  to  the  load  caused  by  the  purge  pressure  (40  pounds).  Because 
there  was  no  purge  pressure  on  test  004,  the  only  static  load  was  from 
the  garter  springs;  however,  the  additional  dynamic  load  imposed  on  the 
rubbing  surface  of  the  segments,  if  the  shaft  was  rotating  with  the 
deflection  (indicated  by  the  Bently  measurements  and  the  critical  speed 
calculations),  could  bev/nuch  higher  because  of  the  inertia  and  friction 
hysteresis  of  the  segments  as  they  try  to  follow  the  eccentric  motion 
of  the  shaft.  Therefore,  it  is  believed  that  the  excessive  shaft  deflec¬ 
tion  caused  a  high  load  on  the  rubbing  surface  of  the  segments,  which 
resulted  in  a  surface  temperature  sufficiently  high  to  ignite  the 
Bearium  in  the  oxidizing  atmosphere. 

(C)  The  effect  of  the  seal  purge  on  the  resultant  surface  temperature  would 
probably  be  negligible  because  the  load  decrease  with  no  purge  would  com¬ 
pensate  for  the  lack  of  cooling  and  lubrication.  However,  the  inert 
gas  barrier  provided  by  the  purge  might  have  prevented  the  oxidizer  from 
reacting  with  the  hot. rubbing  surface  of  the  segments. 


(C)  Another  less  likely  possible  cause  of  the  failure  is  rubbing  between  the 
primary  side  of  the  intermediate  seal  housing  ID  and  the  mating  ring  OD 
from  excessive  shaft  deflection.  However,  this  is  not  very  probable 
because  the  shaft  should  not  have  deflected  as  much  at  that  location  as 
the  housing  clearance.  The  housing  clearance  should  have  been  between 
0.015  to  0.030  inch,  and  the  maximum  shaft  deflection,  obtained  from  the 
calculated  deflection  mode  and  the  known  deflection  at  the  Rently,  is 
approximately  0.010  inch. 

(C)  It  is  possible,  also,  that  the  carbon  nose  piece  on  the  turbine  seal 

could  have  ignited  in  the  oxidizer  atmosphere;  however,  the  data  and  the 
condition  of  the  hardware  indicate  that  the  fire  started  in  the  primary 
drain.  The  turbine  seal  is  not  normally  exposed  to  the  oxidizer,  because 
the  intermediate  seal  purge  maintains  a  barrier  between  the  primary  and 
turbine  seal  drains. 

(C)  Because  it  was  concluded  that  the  Bearium  B-10  segmented  intermediate 
seal  was  the  cause  of  the  failure,  and  also  because  of  the  high  drag 
torque  and  the  torque  variation  of  the  segmented-type  seal,  the  inter¬ 
mediate  seal  design  was  changed  to  a  floating  ring-type  design  fabri¬ 
cated  from  AmCerMet  701-65  composite  material  (see  discussion  in  Main 
Seal  Design  and  Fabrication  section  of  this  report). 

(C)  Analysis  of  the  test  results  revealed  the  following  problems  with  the 
tester  and  test  facility  operation: 

1.  Turbine  speed  control  and  speed  adjustment  sensitivity 

2.  Turbine  lube  oil  drainage 

3.  Quality  of  liquid  fluorine  at  tester  (liquid  condition  not 
maintained) 


(U) 


i.  Tester  and  Drive  Problems 


(C)  The  following  problems  are  discussed  in  the  Main  Tester  Design  and  Fab¬ 
rication  sections  of  this  report : 

1.  Turbine  performance  and  erratic  speed 

2.  LF,  recirculation  impeller  (slinger)  performance  (inadequate  I.F 
flow  througli  tester) 

3.  Tester  and  drive  system  critical  speed  evaluation 

(C)  The  test  facility  modifications  required  to  correct  the  above  problems 
have  been  completed.  The  following  changes  were  incorporated: 

1.  Added  venturi  in  the  turbine  G\'0  line  to  maintain  linear  back¬ 
pressure  on  the  regulator 

2.  Increased  the  turbine  inlet  GN0  line  size  to  reduce  the 
velocity 

3.  Reorificed  GN^  pressure  regulator  to  increase  sensitivity  of 
adjustment 

4.  Moved  GN2  pressure  regulator  control  next  to  pressure  chart  to 
allow  direct  control 

5.  Added  scavenge  pump  to  turbine  oil  drain  to  prevent  oil  accumu¬ 
lation  in  turbine 

6.  Added  flow  restrictor  and  bypass  to  prevent  excessive  oil  flow 
to  turbine 

7.  Insulated  LF2  tank  LN2  jacket  to  maintain  colder  LN2  around  the 
LF2,  which  will  allow  subcooling  the  LF2  in  the  tank 

8.  Increased  the  LN2  insulation  jacket  flow  by  adding  another  sup¬ 
ply  line  in  parallel  from  the  LN2  tank 


(C)  The  corrective  action  for  the  turbine  performance  and  erratic  speed  prob¬ 
lem  consisted  redesigning  the  air  fan,  which  is  installed  on  the  tur¬ 
bine  shaft  to  absoro  torque,  to  increase  the  torque  required  at  operating 
speed.  The  additional  i'rag  of  the  larger  air  fan  and  the  improved  control 
of  the  turbine  GN^  pressure  should  eliminate  the  erratic  speed  variation 
caused  by  the  turbine  drive  and  reduce  the  sensitivity  of  the  turbine  speed 
to  tester  torque  variation.  The  performance  of  the  improved  facility  GN2 
pressure  controls  and  the  turbine  and  air  fan  will  be  measured,  using  a 
spare  turbine  to  absorb  torque  in  place  of  the  tester,  prior  to  resumption 
of  bearing  and  seal  testing  with  fluorine. 

(C)  The  problem  of  inadequate  liquid  fluorine  flow  through  the  tester  for 

proper  bearing  lubrication  and  liquid  quality  is  caused  by  the  recircula¬ 
tion  impeller  on  the  tester  shaft  not  pumping.  A  new,  redesigned  impeller 
with  improved  HQ  characteristics  has  been  fabricated  and  the  tester  housing 
fluorine  inlet  passage  size  has  been  increased.  These  changes,  along  with 
the  facility  changes  to  improve  the  liquid  quality  at  the  tester,  should 
provide  sufficient  fluorine  recirculation.  The  performance  of  the 
redesigned  impeller  will  be  measured,  using  the  repaired  tester  housing 
with  an  oil-water  solution,  prior  to  resumption  of  the  bearing  and  seal 
testing  with  fluorine. 

(C)  The  tester  and  drive  system  critical  speed  is  considered  to  be  a  problem 
on  the  main  tester  only  if  the  operating  speed  of  28,000  rpm  is  exceeded; 
therefore,  no  change  has  been  made  to  the  main  tester  drive  to  alter  the 
critical  speed.  It  is  considered  that  the  improved  turbine  speed  con¬ 
trols  will  prevent  overspeed  operation.  The  shaft  deflection  will  be 
monitored  with  Bently  distance  detectors  during  the  dynamic  bearing  and 
seal  testing.  Also,  the  shaft  deflection  will  be  measured  during  the 
turbine  performance  tests,  prior  to  the  bearing  and  seal  testing,  to 
determine  if  there  is  a  critical  speed  problem  at  speeds  up  to  30,000  rpm. 


- 


(C)  The  status  of  the  performance  testing  is  as  follows: 


1.  Turbine  nozzle  blowdown  and  stall  torque  testing  completed; 
nozzle  area  and  stall  torque  characteristics  determined 

2.  Turbine  performance  mapping  at  28,000  rpm;  air  fan  performance 
and  critical  speed  evaluation  testing  completed 

3.  LF2  recirculation  impeller  HQ  performance  testing  scheduled  to 
be  completed  in  early  August 

4.  Turbine  performance  mapping  at  75,000  rpm;  air  fan  performance 
and  critical  speed  evaluation  testing  scheduled  to  be  complete 
in  late  August 


(U)  j.  Bearing  and  Seal  Test  Program  Plan 


(C)  It  is  planned  to  resume  bearing  and  seal  dynamic  testing  with  liquid 
fluorine  using  the  secondary  tester  on  1  September  1969.  The  secondary 
testing  is  scheduled  to  continue  through  October  1969  and  the  main  bear¬ 
ing  and  seal  testing  is  scheduled  for  November  and  December  1969  (see 
test  schedule,  Fig.  74). 


(C)  The  secondary  testing  will  be  conducted  at  75,000  rpm  with  liquid  fluorine 
at  150  psig  using  one  material  combination  for  the  seals  and  bearings. 

The  seals  will  then  be  run  at  the  limits  of  speed,  fluid  pressure,  and 
installed  compressions  to  determine  the  effect  on  leakage  and  wear. 


(C)  The  main  testing  will  be  conducted  at  28,000  rpra  with  liquid  fluorine  at 
150  psig  to  evaluate  the  leakage  and  wear  life  of  the  AL^O^  spray  nose- 
K162B  mating  ring  primary  seal  material  combination.  The  other  backup 
material  combinations  will  be  tested  if  the  first  choice  is  unsatisfactory. 
The  final  material  combination  will  be  tested  at  the  limits  of  speed,  fluid 
pressure,  and  installed  compression. 


Figure  74.  Turbopump  Bearing  and  Seal  Test  Schedule  (U) 


(U)  5.  FACILITY  PREPARATION  AND  OPERATION 


lU)  a.  Victor  Test  Stand 

(C)  There  was  no  AMPT  contract  activity  at  this  facility  during  May  and  .June. 
During  July,  testing  was  resumed  with  the  30-degree,  water-cooled  segment 
stability  test  program.  A  section  of  the  facility  oxidizer  feed  line,  flow 
meters,  and  main  valve  was  damaged  during  test  021.  Repair  will  be  com¬ 
pleted  and  testing  resumed  by  early  August. 

(U)  b.  Mike  Test  Stand 

(C)  Modifications  to  the  test  stand,  which  included  LF2  tank  insulation  and 
insulation  of  the  LN?-jacketed  LF^  lines,  were  completed.  Performance 
testing  of  the  bearing  and  seal  tester  drive  turbine  was  initiated  the 
last  week  in  July. 

(U)  c.  NFL  Facility 

(C)  The  contract  award  for  the  facility  buildup  has  been  made.  Construction 
began  24  June  1969,  and  completion  is  scheduled  for  7  November  1969. 
Installation  of  the  diffuser  water  system  and  altitude  chamber  penetra¬ 
tions  is  in  progress.  Electrical  installations  have  started.  Shop 
fabrication  of  piping  components  and  structure  was  begun. 
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APPENDIX  A 


The  nozzle  extension  gas  side  surface  heat  transfer  coefficient  was 
calculated  by  the  equation: 

u)  yrc  " "  St 

where 

3t)  <Cp'  hr^L  rot 

w  ST-  4-  pr  "7S  <  4- /  «•* 


where 


*2  *  *  /*.t  *2 

Gas  velocity  —  (in/sec) 

Ratio  of  Cp/Cy  - —  (dimensionless) 

Constant  pressure  specific  heat  —  (BTU/lbm-R) 

Constant  volume  specific  heat  —  (BTU/lbm-R) 

Temperature  —  (°R) 

Gravitational  constant  —  (32.2  lbm-ft/lbf-sec2) 
Density  —  (lba/in^) 

Viscosity  —  (lbra/in-sec) 

Thermal  conductivity  — -  (BTU/in-sec-°R) 

m  2 

Kinematic  viscosity  "■  'p—  •  — —  in 

r  sec 

Mach  number  ■  ~  — -  (dimensionless) 

Acoustic  velocity  —  (in/sec) 

Prandtl  No.  ■  —  (dimensionless) 


St  - 


Stanton  Number1  —  (dimensionless) 

Ratio  of  actual  St  to  St 

Calculated  witli  -  and  ignoring  the  effects  oi' 
density  variation,  pressure  gradient  and  mass 
transfer.  — —  (dimensionless) 


Ua) 


5a) 


ReA  y  ■  Reynolds  Number  uased  on  enthalpy  deficit  thickness 
£  of  boundary  layer  —  (dimensionless) 

m  •  .2i> 

E  ■  .021>6 

Subscripts  St  and  max  refer  respectively  to  stagnation 
and  maximum. 


±_ 

fmax 


Equation  la)  is  the  definition  of  Stanton  number. 
Equation  2a)  is  obtained  by  combining  the  relation 

1 

rr 


(x.(^)ra 

'  max  / 


(Equation  6.21  of  reference  d)  with 


^  max 
* 


(Equation  U.llic  of  reference  e) 


Equation  3a)  is  obtained  by  substituting  equation  £a)  for 
P/P .  The  value  of  Re^2  gotten  using  Kutateladze’s 
solution  (Equation  $ .73  reference  d). 
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1  1  ABSTP A  C  T 

12.  SPONSORING  MILITARY  ACTIVITY 

AFRPL,  Edwards,  California 

- - - - - 

(U)  The  engine  design  and  analysis  task  was  continued  with  a 
detailed  parametric  analysis  of  thrust  chamber  temperature 
and  pressure  drop  characteristics,  the  revision  of  the 
engine  balance,  and  continued  main  oxidizer  and  turbine 
control  valve  design  activity. 

(U)  The  engine  critical  component  task  effort  was  primarily 
directed  toward  the  completion  of  fabrication  of  the 
prototype  channel-wall  thrust  chamber  segment.  Design 
of  the  main  thrust  chamber  nozzle  has  been  completed 
and  design  of  the  base  closure  and  seconds  engine 
nozzle  simulator  is  nearing  completion. 

(U)  Though  testing  of  the  main  engine  bearings  and  seals  was 
initiated  during  the  previous  quarter,  the  effort  was 
stopped  temporarily  because  of  operational  problems  and 
has  been  rescheduled  to  start  September  1969. 

(U)  The  basic  analysis  and  design  of  the  propellant  feed 
system  was  completed  during  the  previous  quarter  by 
both  General  Dynamics/Convair  and  Lockheed  Missiles 
and  Space  Company. 
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